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ABSTRACT 

Ihirteen  correlatable  lithostratigraphic  units  are  recognized  in 
cores  recose  red  from  the  central  Arctic  Ocean.  The  stratigraphic 
units  range  in  age  from  late  Miocene  to  Holocene  and  can  be 
correlated  over  seseral  hundred  thousand  square  kilometres.  Cores 
were  taken  from  ice-island  1-3  during  its  1963  to  1973  drift  in  water 
depths  ranging  from  1.069  to  3.820  m  The  1.3  stratigraphic  units, 
designated  A  to  M.  include  silty  and  arenaceous  lutiles  and 
carbonate-rich,  pink-while  layers.  Three  arenaceous  lutites  are 
important  marker  beds  in  the  lower  part  of  the  section  (A  to  H).  and 
pink-white  layers  are  distinctise  units  in  the  upper  section  (I  to  M). 

Ages  tor  the  units  can  be  calculated  hy  the  use  of  palcomagnetic 
reversal  signatures  and  by  extrapolation  of  sedimentation  rates 
based  on  these  figures.  I  'nits  I  to  M  have  calculated  sedimentation 
rates  that  average  1.14  mm  1.000  yr.  whereas  the  sedimentation 
rates  ol  the  older  units  ( A  to  Hi  average  0.5  mm  1 .000  yr.  I’ehbles. 
probably  ice-rafted,  occur  throughout  the  units.  Extrapolation  ol 
the  sedimentation  rate  from  the  Gilbert  Polarity  Interval  5  reversal 
indicates  that  the  oldest  erratic  in  undisturbed  sediment  may  have 
been  deposited  5  26  m  v  ago  In  general,  the  arenaceous  lutites  and 
pink-while  layers  represent  the  highest  sedimentation  rate  and  are 
interpreted  to  have  been  deposited  during  times  ol  increased  glacial 
ice-ratting  Silty  lutites  may  also  be  principally  icc-ralted  sediment, 
but  they  are  believed  to  represent  periods  of  reduced  ice-rafting  and 
lower  sedimentation  rates 

I  our  tvpes  ol  glaclui-marme  sediment  can  be  characterized  by 
silt-clav  histograms  I  he  four  histogram  tvpes  (type  I.  nonsuited, 
t  v  pe  II.  hi  modal  tv  pc  I  i  I.  clay  mode,  and  tv  pe  IV.  silt  mode)  reflect 
differences  in  the  environmental  factors  that  influenced  glacial- 
marine  sedimentation  I  he  ina|or  process  that  allected  deposition 
ol  icc-ralted  debris  in  the  Arctic  Ocean  stiulv  area  may  have  been 
mid-depth  oceanic  circulation  I  ittlc  evidence  was  found  to 

•Prevent  addles-  Whilniati  (  onlinenl.it  1  lit  (  omp.iin.  Poru.i  (  nv 
Oklahoma  ’-Ira  1 1  Mntp.m  Von  Oil  .mil  (no  I  omp.inv  Am  Itoi.iee 
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support  the  hypothesis  that  the  reworking  of  central  Arctic  Basin 
glacial-marine  sediment  by  bottom  currents  had  any  maior  elicit 
on  silt-clay  distributions. 

A  mode  was  observed  in  the  fine  to  coarse  day  particles  in  most 
central  Arctic  Basin  glacial-marine  sediments.  A  similar  mode  was 
observed  for  Fast  Pacific  Ocean  pelagic  day  samples  A  fine  mode 
in  both  types  of  sediment  suggests  that  deposition  ol  day  and  fine 
silt  of  pelagic  or  glacial  origin  occurs  uniformly  in  the  deep-sea 
environments  that  were  sampled. 

The  geographic  distribution  of  central  Arctic  Basin  glacial- 
marine  sediment  types  suggests  that  deposition  id  ice-rafted  coat  sc 
sediment  dominates  sedimentation  in  the  Alpha  Cordillera  region 
In  abyssal  plain  environments,  deposition  ol  ice-iafted  debus  also 
occurs  but  is  partially  masked  by  turhiditc  deposition 

I  he  four  types  ol  glacial-marine  sediment  occur  in  units  A  to  M 
and  suppoit  the  hypothesis  that  ice-rafting  has  been  an  impoitant 
mechanism  in  contributing  sediment  to  the  Alpha  Cordillera  since 
the  late  Miocene.  In  addition,  the  stratigraphic  distribution  of  these 
sediments  supports  the  theory  that  arenaceous  lutites  represent 
periods  of  increased  ice-rafting,  while  silty  lutites  represent  periods 
ol  decreased  icc-ralting  Ccnttal  Arctic  Basin  and  non-Arctic 
marginal  sea  glacial-marine  sediments  exhibit  similar  silt-clav 
histogram  tvpes 

Six  intervals  ol  increased  Pleistocene  glacial  ice  railing  ate 
defined  (  onelation  with  pet  tods  of  continental  glaciation  is 
possible,  but  cot  relation  with  marine  oi  tettestnal  sequence  is 
difficult  because  the  ccnttal  Arctic  Ocean  icmained  tio/en  while 
climatic  changes  mote  scvcrelv  affected  lower  latitudes  (mod 
correlation  with  glaciations  defined  hv  oxvgen-isotope  stiatig- 
rapliy  is  possible  for  the  most  leccnt  times  ol  on  leased  ice-rafting 


IN  I  ROD!  (  TION 

Knowledge  ol  the  sediments  and  stialigiaphv  ol  the  deep  An  tu 
Ocean  is  based  pnmaidv  on  shoil  cotes  taken  dining  the  dull  ol 
ice-island  l-t|rom  196  T  to  IdU  I  )  was  abandoned  in  |9~4,and 
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because  of  the  enormous  problems  inherent  in  working  in  an  ice- 
covered  ocean,  there  may  not  be  a  comparable  program  for  decades 
to  come  The  1-3  cores  may  therefore  remain  unique. 

This  report  is  concerned  with  the  identification  of  stratigraphic 
units  and  classification  of  the  glacial-marine  sediment  that  is  the 
dominant  sediment  type  in  the  central  Amerasian  Basin.  The  cores 
were  selected  from  580  successful  casts  made  from  T-3  by  Vaughn 
Marshall  and  A  H.  I  achenbruch  of  the  U  S.  Geological  Survey, 
Menlo  Park.  California  (Fig.  I).  The  location,  water  depth,  and 
length  of  these  cores  are  listed  in  Appendix  I  A.  The  cores  were 
recovered  from  most  parts  of  the  Alpha  Cordillera,  the  dominant 
ridge  ol  the  Amerasian  Basin.  Canada  Basin  cores  have  a  high 
percentage  of  turbidites  and  a  different  stratigraphy  (Campbell  and 
Clark.  1977)  and  are  not  included  in  this  study.  Cores  from  the 
eastern  end  of  the  Alpha  Ridge  contain  a  greater  percentage  of 
elastics  and  have  significant  stratigraphic  differences  from  the  cores 
ol  this  study.  The  interpretation  of  these  cores  is  in  progress. 

Details  concerning  the  lithostratigraphy  and  glacial-marine 
sediment  described  in  this  report  represent  a  synthesis  of  several 
separate  projects  at  the  University  of  Wisconsin.  Previous  work, 
more  closely  related  to  details  of  the  fauna  and  paleoecology.  has 
been  summarized  by  Clark  (1975.  1977a.  1977b).  Joy  and  Clark 
(1977).  1  agoe  (1976,  1977).  Camber  and  Clark  ( 1978).  and  Kitchell 
and  Clark  (1979). 

In  this  report,  we  recognize  13  lithostratigraphie  units  ranging 
in  age  from  late  Miocene  to  Holocene  A  textural  classification  of 
glacial-marine  sediment  and  maps  illustrating  various  sediment 
parameters  of  the  modern  Arctic  Ocean  surface  are  presented.  The 
report  is  divided  into  sections  that  include  the  description  and 
interpretation  of  the  first  lithostratigraphy  of  the  central  Arctic- 
Ocean  and  a  description  and  interpretation  of  the  surface  sediment. 
The  final  section  illustrates  the  relationship  of  the  surface  and  in- 
core  sediment,  both  of  which  are  largely  glacial-marine.  These 
sections  lead  to  conclusions  that  pertain  to  the  palcodimatology  of 
the  central  Arctic  Ocean. 


PREVIOUS  ATTEMPTS  AT  AN 
ARCTIC  OCEAN  STRATIGRAPHY 

Previous  attempts  to  develop  a  physical  stratigraphy  lor  the 
central  Arctic  Ocean  have  had  little  success.  A  lew  correlations 
based  on  a  variety  of  sedimentary  parameters  have  been  onlv 
partially  successful  For  example.  F  risson  and  others  ( 1964)  noted 
a  correlation  between  alternating  light  brown  and  dark  brown. 
Foraminitera-rich  layers  sampled  on  the  Alpha  Cordillera 
Hunkinsand  Kutschale  ( 1967)  correlated  similar  units  between  the 
Wrangel  Abyssal  Plain  and  the  Alpha  Cordillera,  hut  precise 
correlation  was  not  achieved  Also.  Herman  (1964.  1 974 )  used 
variations  in  color,  texture,  faunal  abundance,  and  magnetics  to 
correlate  several  1-3  cores  from  the  Alpha  Cordillera,  hut  these 
lactnrs  have  not  been  identified  in  other  cores  Hunkins  and  others 
(  1971 1  summarized  previous  correlation  attempts  and  presented  a 
svnthcsis  of  former  work 

Darhv  (I97|)  determined  changes  m  weight  percent  carbonate 
versus  depth  in  core  for  15  I -3  cores  At  least  I  7  carbonate  maxima 
and  minima  were  identified  and  corielaled  in  coies  with  a  wide 
geographic  distribution  Clark  ( 1971 1  found  a  correlation  between 
pelagic  Foramimfera  and  ice-rafted  erratics  in  43  cotes,  and  I  arson 
( I97S|  was  able  to  correlate  seve'al  I  oramirulera  abundance  peaks 


Figure  I.  Track  of  ice-island  T-3  drift.  All  cores  were  taken  along  the 
track  of  this  drift. 


in  five  cores  over  a  fairly  wide  geographic  area. 

The  stratigraphy  described  herein  emphasizes  the  differences 
between  two  major  types  of  Arctic  Ocean  sediment:  silty  lutitcs  and 
arenaceous  lutitcs.  The  average  weight  percent  of  sand-sized 
material  is  considered  to  be  the  key  sedimentary  characteristic 
Standard  thin-section  modal  analysis,  thin-section  frequency 
analysis,  plus  X-ray  and  elemental  analy  sis  ol  the  various  units  also 
were  accomplished.  The  13  lithostratigraphie  units  described  have 
been  correlated  over  several  hundred  thousand  square  kilometres 
and  in  several  hundred  cores  I  he  uniformity  of  very  thin  units  ovei 
such  a  large  area  is  remarkable  in  that  the  units  are  of  glacial- 
marine  origin. 

STRATIGRAPHY 

I  he  follow  ing  stratigraphic  descriptions  are  a  composite  studv 
of  the  preserved  halves  ol  several  hundred  cores  and  ol 
semiquantitalive  analysis  of  a  lew  selected  cores  Features  such  as 
gross  sediment  texture,  burrowing,  color  mottling,  layering,  and 
erratics  are  easilv  observed  with  the  unaided  eye  and  permit  visual 
differentiation  of  the  units 

The  oldest  stratigraphic  unit  described  (unit  A)  is  (he  oldest 
normal  sediment  that  has  been  penetrated  in  the  central  Amciasian 
Basin  ( F ig  ?)  Oldct  (Cretaceous  and  Paleogene  I  sediment  has  been 
described  but  lepresents  parts  ol  slump  blocks  that  resi  on  and  are 
covered  bv  late  Cenozoic  sediment  (Clark.  1974) 

Unit  A 

Unit  A.  the  oldest  m  situ  sediment  cored  in  the  cential  Alctic 
Ocean,  is  composed  ol  olive-brow n  silts  lutite  w ilh  tale  (I  9-  to  .’  t 
cm-lhick  laveis  of  reddish-brow n  aienaeeous  lulite  ll  ig  t)  I  he 
olive-biow  n  siltv  lutite  is  generallv  a  mottled,  light  ohv  e  blow  n  lo 
dark  olive-brown  eoloi  Most  ot  the  cores  studied  in  detail 
terminate  in  this  unit,  and  the  repotted  thickness  is  exlrenielv 
variable  It  is  mdetei mutable  how  lai  unit  A  extends  below  tin 
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oldest  sediment  observed  In  the  two  cores  that  made  the  deepest 
pcntiution  (221  and  224).  the  thickness  ol  unit  A  is  150  and  Ib5.5 
cm.  icspectoeK  (l  ie  2) 

Bui  lows,  piohahlv  ( /tom/n/o  (Chamberlain.  N75>.  are 
common  I  hev  gcncrall)  range  ttom  0  5  to  20  mm  in  diameter  and 
2  Oto  120  mm  in  length.  Composite  but  tows  (Chamberlain.  1075) 
are  occasionulh  lound  (big.  4)  I  he>  are  commonly  elliptical  or 
round  and  range  Iront  15  to  5  4  cm  m  their  longest  dimension. 

1  he  weight  percent  ol  the  sand-si/ed  traction  ol  the  olive-brown 
si  It  \  Unite  averages  50*  i  lor  2b  cores  (App  2)  I  he  dctrital  sand- 
si/cd  traction  is  in  the  fine-sand  range  and  is  moderate!)  well 
sorted.  Monoerv stallme  quart/  is  the  most  abundant  satul-si/ed 
particle  (App  1) 

Authtgcnic  ferromanganese  sand-si/ed  particles  attain  their 
gicatcst  abumlanee  in  unit  V  1  hev  oeeur  in  clusters  associated  with 
burrows  or  are  umlotml)  distributed,  these  particles  comprise 
between  2  1' .  and  45  4'  i  ol  the  sand-si/ed  traction  ol  unit  A  !  hese 
dark  brown  to  black  ferromanganese  particles  imparl  a  pepper)  or 
speckled  appearance  to  the  surface  ol  the  cores. 

Arenaceous  lutites  are  rare  in  unit  A  but  have  been  lound  in 
cotes  (1  I  2X5.  H  157.  I  I  5X1.  11  400)  where  the  average  weight 
percent  ol  the  sand-si/ed  traction  is  2b.55‘ i  I  he  mean  si/e  ot  the 
dctrital  sand  1 1  actum  is  in  the  fine-sand  range  and  is  moderate!) 
sorted  1  ct tomanganese  particles  are  rare  in  the  arenaceous  lutites 
ami  average  only  I  X"’* ,  ol  the  sand-si/cd  fraction. 
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In  the  icteienee  halt  of  core  I  I  2x5.  seveial  vetv  dark  olive- 
brown.  cohesive.  mIiv  Unite  clasts  occur  (I  ig  5)  1  liese  blasts  an 
interspersed  in  segments  two  through  live  and  ate  U  Dio  *'iiti 
Irom  the  bottom  ol  the  core  !  he  clasts  ate  as  thick  as  4  U  ent  atul 
extend  be) oiui  the  boundaries  of  the  cote  liner  ( )nc  1  last  lias  s  | ' 
sand-si/cd  matei  ia!  1  his  compares  w it  1 1  an  average  "l  A  Xb'  ,  sand- 
si/ed  materia)  lor ■  t  lie  sin  rounding  ohve-hiown  sdtv  Unite  I  In  sand 
is  composed  ot  40' ,  to  50'/  authigemc  lertomanganese  paitules 
Ih  is  is  si  mil. 1 1  to  the  maximum  value  ot  41' ,  Icnomangancsc  jiaiti 


.\ 
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k  igure  '  I  \  l  Dark  brown  intraclasts  found  in  unit  con-  I  I  2X*.  segment  2.  Note  la  wring  at  an  angle  to  the  present  hori/ontal  m  the  large  1  last .  and 
the  contorted  appearance  of  ihe  surrounding  light  oliw  brown  sediment  <Hl  Dark  brown  oitrai  lasts  in  unit  \  mu  I  I  2XV  segment  4  Note  the 
surrounding  contorted,  light  oliw-brown  sediment  if  )  I  vpieal  light  oli'e-hrnwn  silts  lutite  found  in  unit  \.  tore  I  I  4  Wi.  segment  4  Note  distint  t  butrows 
and  change  in  sediment  hue  It  olor  mottling!  ( I)  i  I '  pit  at  emit  at  l  hetw  ren  tig  tit  to  mt-dtum  oltw  brow n  unit  V  and  light  oh  w  brow  n  unit  H .  1  mi  I  l  4  Ml. 
segment  t>  Ni*te  decrease  in  burrowing  and  more  uniform  appearante  of  unit  H  in  <  ontrasl  with  unit  V  1  Im  small  arrows  point  t<*  two  jmssihlt  t  omposttt 
burrows  Stale  bars  represent  (  im 
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clcs  in  the  sand-si/ed  fraction  in  the  surrounding  olive-brown  silts 
lutite.  Foramimfera  and  other  fossils  are  not  present  in  the  sand- 
si/ed  fraction  of  the  dark  brown  clasts.  A  very  dark  olive-brown 
clast  at  TO  to  7.0  cm  in  segment  two  is  laminated  or  handed  at  an 
angle  of  40"  from  the  present  horizontal.  The  adjacent  olive-brow  n 
silty  lutite  is  unlayered  However,  it  does  show  convolutions,  con¬ 
torted  burrows,  and  general  evidence  of  disturbance  ( I  ig  2) 

Clasts  in  FI  2X5  probably  are  intraclasts  that  were  locallv 
derived  from  sediment  stratigraphically  below  unit  A  fhc  dark 
olive-brown  color  of  these  clasts  is  very  similar  to  the  distinctivclv 
colored  flow-in  found  in  cores  FI.  221.  FI.  222.  and  IT  224.  I  he 
clasts  represent  evidence  of  slumping  and  or  current  scour  and 
redeposition  of  semiconsolidated  sediment  at  the  time  that  unit  A 
was  being  deposited.  Erratics  are  rare  in  unit  A  (T  able  I) 

l  nit  B 

Overlying  unit  A  is  a  thin  silty  lutite  unit  characterized  bv  a 
uniform  light  brown  color  (Fig.  2).  The  thickness  of  unit  H  ranges 
from  2.0  to  14.5  cm.  but  the  average  thickness  for  2X  cores  is  *)  (lcm. 

The  lower  contact  of  unit  B  is  gradational  and  is  placed 
approximately  w  here  burrowed  sediment  of  uni’  A  graduallv  ends 
and  uniform  unburrowed  sediment  begins.  In  some  cores, 
indistinct,  small,  light  olive-brown  or  olive-gray  burrows  appear. 
These  burrows  are  Chondrites  but  are  smaller  than  those  in  unit  A 
In  many  cases,  some  mottling  of  olive-grav  or  olive  silty  lutite  w  ith 
the  olive-brown  silty  lutite  occurs. 

Black  to  dark  brown  ferromanganese  particles  are  common  in 


unit  B  and  give  the  surface  of  the  core  a  speckled  appearance.  I  he 
ferromanganese  particles  average  12.9'i  of  the  sand-si/ed  fraction 
I  hey  often  occur  in  small  clusters  oi  are  associated  with  burrows 
I  he  weight  percent  of  the  sand-si/ed  Iraetion  averages  6.06' < 
lor  24  cores  (App  2).  I  he detrital  sand-si/ed  Iraetion  is  generally  in 
the  line-sand  range  and  is  moderately  sorted  Monocrystalline 
quart/  is  the  major  constituent  ol  the  sand-si/ed  Iraetion  (App  2) 
Erratics  are  rare  in  this  thin  unit  (  I  able  1) 

l  nit  ( 

Above  unit  B  is  a  thin  but  distinctive  unit  characterized  by  two 
thin,  reddish  olive-brown,  arenaceous  lutite  layers  and  an 
intervening,  slighllv  tluckci.  light  olive-brown  silly  lutite  (Fig  4) 

I  he  thick  ness  ol  unit  (  ranges  Horn  2  5  to  10  0  cm.  but  the  average 
thickness  lor  40  cotes  is  (>  01  cm  I  he  t  hick  nesses  ol  the  indiv  id  ua  I 
layers  range  from  less  than  I  0  cm  lot  many  ol  the  arenaceous 
Unites  to  a  maximum  ol  "  0  cm  lot  the  middle  silty  lutite 

I  he  lower  contact  ol  unit  (  with  unit  B  is  at  best  irregular  anti 
olten  is  till  I  use  inti  gta  litinn.il  It  isdtTincd  by  a  change  in  texture 
and  a  coricsponding  change  in  the  shade  ol  eoloi  from  light  olive- 
brown  lutite  to  a  datket.  reddish  olive-brown  arenaceous  lutite 
Unit  C  is  the  towel  most  ol  thicc  prominent  arenaceous  lutite 
key  layers  and  in  this  context  is  teletied  to  as  the  “lower  coarse” 
layer 

The  medial  silty  lutite  resembles  the  underlying  unit  B  in  its 
overall  light  brown  colot  It  lias  mote  and  better  developed 
burrows  In  many  cores  it  appeals  to  have  a  relatively  sandy 


Unit  D 


Unite 


UnitB 


Figure  4.  ( A)(  ompmite  burrow  (arrow )  found  in  silf  >  lutites  of  unit  A.  core  f  I  400.  segment  2.  (B)<  ompmite  burrows  (arrows)  found  in  unit  A, core 
FI.  400.  segment  4.  ((  |  Typical  unit  (  and  contacts  with  light  olis  e-brown  units  B  and  I);  core  1 1  2R  t.  segment  7.  The  contacts  of  the  medial  silty  lutite  layer 
in  unit  C  are  marked  by  the  small  arrows.  Note  the  small  pebble  in  the  top  of  the  lower  coarse  layer  in  unit  (  .  All  scale  bars  represent  1  cm. 
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texture.  I  he  contacts  of  the  silty  lutite  with  the  overlying  and 
underlying  arenaceous  Unites  are  moderaleh  to  extremely 
gradational. 

I  he  weight  percent  ot  the  sand-si/ed  fraction  averages  I6.7.V  ; 
for  the  lower  part  and  16.04*7  lor  the  upper  part  ol  unit  C  for  22 
cores  ( App.  2)  I  he  detrital  sand-si/ed  traction  is  general!}  in  the 
tine-sand  range  anil  is  moderately  sorted.  Monociwallme  quart/ 
is  the  maior  constituent  ol  the  sand-si/ed  traction  (  App  3). 

Ferromanganese  particles  are  not  obvious  on  the  reference  core 
halves.  I  hey  constitute  an  average  ol  onlv  2. OS  o!  the  sand-si/ed 
traction  tor  the  lower  part  of  unit  (  and  ,V2*)*7  lor  the  upper  part 
I  rratics  occur  at  ail  levels  in  unit  (  ( I  able  !  ) 

l  nit  I) 


l ■  nit  I>  is  a  relatively  thick,  olive-brown  to  light  olive-brown 
silty  lutite  (l  ig.  5).  I  he  thickness  of  this  unit  ranges  from  20.0  to 
56.0em,  but  the  average  thickness  for  40  cores  is  54. 17  cm.  I  his  unit 


is  very  similar  in  gross  appearance  to  unit  A 

The  lower  contact  with  the  arenaceous  unit  (  is  gradational  to 
moderately  sharp  and  is  irregular. 

Burrows  similar  to  Chondrites  are  verv  common  in  unit  I> 
These  burrows  range  from  2.0  to  20.0  mm  in  length  and  from  0  5  to 
2.0  mm  in  diameter.  The  burrows  are  generallv  tilled  with  sediment 
that  is  darker  than  the  surrounding  sediment  I  his  feature 
augments  the  normal  color  mottling  to  produce  some  areas  t  hat  aie 
uniformly  dark  olive  brown 

Ferromanganese  particles  are  common  and  speckle  the  smtace 
of  the  reference  core  halves.  They  are  distributed  evenlv  over  tin- 
core  surface,  are  found  in  clusters,  or  form  rims  on  burrows  I  hese 
particles  average  K.X*7  of  the  sand-si/ed  fraction 

I  he  weight  percent  of  the  total  sand-si/ed  fraction  averages 
6.51*7  for  27  cores  (App.  2)  Detrital  sand  occurs  m  the  line-sand 
range  and  is  modet  itc  v  sorted.  Monocrvstalhnc  quait/ is  t  he  most 
abundant  sand-si/ed  gram  tv  pc  (App  5) 

I  went} -three  e  ratics  occur  in  cores  studied  in  detail  (  I  able  h 

I  nit  K 


Above  unit  D  is  a  thin,  generallv  distinctive,  unilor  m  olne-grav 
to  ligfit  olive-brown  silty  lutite  (Fig.  5)  I  he  thickness  of  unit  I 
ranges  from  V0  to  20.0cm  for  51  cores,  with  the  av erage  thickness 
being  9  44  cm.  I  he  charactci istic  feature  ol  tins  unit  is  the  umtoi  m. 
unbui  rowed  nature  ol  the  sediment  In  cores  where  unit  I  is 
composed  of  a  uniform  ohve-grav  to  olive  silt}  lutite.  a  distinctive 


UnitF 


UnitE 


UnitD 


figure  5.  (A)  T  spiral  olive-brown,  burrowed  silt}  lutite  of  unit  I):  core  fl  2KV  segment  9.  (B)  (  ontart  between  uniform  olive-grav  unit  f  and 
arenaceous  unit  f;  core  H  221.  segment  21.  Note  contact  deformed  concave  downward.  (C  |  Representative  sample  of  units  I).  f.  and  I  ;  core  II  2HV 
segment  10.  Note  the  downward-deformed  contact  between  units  f-  and  V  and  the  verv  gradational  contact  between  uniform  unit  I-  and  burrowed  unit  I). 
(  orretalion  with  (Rl  as  shown.  Scale  bars  represent  I  cm. 
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layer  Chat  contrasts  with  the  generally  olive-brow  n  sediment  above 
and  below  is  formed.  The  upper  portion  of  this  unit,  an  arenaceous 
lutite.  often  is  very  sandy. 

The  lower  contact  of  unit  F  with  underlying  unit  I)  is 
gradational.  T  he  contact  is  at  a  level  where  most  large  and  distinct 
burrows  and  dark  mottled  sediment  have  given  way  to  a  more 
uniform,  light-colored  sediment. 

Mottling  is  very  subtle  in  unit  E.  Burrowssimilarto  Chondrites 
are  rare  and  are  usually  very  small,  unobstrusivc,  and  light  colored 
A  long,  vertical,  more  well  defined  burrow  occasionally  penetrates 
the  greater  part  of  the  thickness  of  this  unit. 

Ferromanganese  particles  are  present  in  most  cases  but  are 
unobtrusive  and  minor  and  are  not  always  easily  noticed  In  some 
cases,  however,  they  do  give  a  speckled  appearance  to  the  reference 
half  of  the  core.  These  particles  average  5.X'';  of  the  sand-si/ed 
fraction 

The  weight  percent  of  the  sand-si/ed  fraction  for  unit  I 
averages  X.65(;  lor  26  cores  (App.  2)  The  average  detrital  sand- 
si/ed  fraction  is  in  the  fine-  to  very  fine-sand  range  and  is 
moderately  sorted.  Monocrystalline  quart/  is  the  major  sand-si/ed 
grain  (App.  }). 

Thirty-three  erratics  occur  in  the  cores  in  which  unit  F  was 
studied  in  detail  (  Fable  I ) 

Unit  F 


clasts  are  composed  ol  a  unilorm  clay  to  very  line  silt  I  hey  are 
colored  dark  gray  to  black  in  most  cases  and  pink  to  red  in  some 
rare  instances.  Occasionally  they  are  finely  handed  or  laminated 
They  are  roughly  spherical  or  have  a  polygonal  outline  with 
rounded  corners.  T  hese  clasts  are  significant  lor  the  glacial-marine 
genesis  of  the  sediment  and  are  discussed  later 

Contact  with  the  underlying  unit  I  is  exceedinglv  sharp,  even 
under  a  microscope.  The  contact  is  well  delined  by  a  change  in 
sorting  and  mean  grain  si/e  that  corresponds  to  the  color  change 
from  olive-gray  to  light  olive-brown  silty  lutite  to  reddish  olive- 
brown  arenaceous  lutite 

Unit  F  is  the  second  ol  the  three  key  arenaceous  lutite  hori/ons 
In  relation  to  the  stratigraphically  lower  and  higher  kev  units,  this 
unit  is  referred  to  as  the  “middle  coarse"  layer  It  forms  an 
unmistakable  combination  when  coupled  with  the  ol  ten  distinctive 
underlying  unit  F. 

Unit  F  generally  lacks  internal  bedding,  lamination,  or  othct 
primary  sedimentary  structures  In  some  eases  there  is  a  color 
change  from  light  olive  brow  n  in  the  lower  port  ion  to  reddish  olive 
brown  in  the  upper  part  ol  the  unit 

Sediments  in  unit  I  are  commonly  subtly  mottled  I  hese 
mottles  are  a  result  ol  dillcring  percentages  ol  sand  oi  dilleting 
mean  grain  si/e  in  the  sand-si/ed  traction  and  are  verv  vague  with 
ill-defined  boundaries  These  mottles  do  not  resemble  burrowing 
but  appear  to  be  depositional  or  early  diagenctic  features 
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cm  in  length  and  0.8  cm  in  width  but  is  poorly  preserved.  Close 
study  of  thin  sections  reveals  that  the  fragment  is  wood,  but  further 
identification  is  impossible  (B.  F.  Kukachka.  1977.  written 
commun  ).  T  his  was  the  only  plant  fragment  recovered  from  any 
Arctic  core. 

Ferromanganese  particles  are  rare  or  absent  in  unit  F.  Their 
average  weight  percent  of  the  sand-si/ed  fraction  for  three  cores  is 
2.0'V. 

The  weight  percent  of  the  sand-si/ed  fraction  for  this  unit 
averages  2 7 . (XK’i  for  21  cores  (App.  2).  The  detrital  sand-si/ed 
fraction  has  an  average  mean  in  the  fine-sand  range  and  is  poorly 
sorted  Monocrystalline  quart/  is  the  most  abundant  sand-si/ed 
grain  (App.  .7) 

Erratics  are  common  in  unit  F.  In  the  cores  studied,  1 89  erratics 
were  found  (Table  I ) 

Fnit  G 

This  unit  is  a  light  olive-brown  to  dark  olive-brown  silty  lutite 
(Fig.  (>).  Unit  (i  ranges  from  29.0  to  65.0  cm  in  thickness  and 
averages  50.84  cm  for  5  I  cores  This  unit  is  similar  to  units  A  and  I) 
in  overall  appearance.  It  differs  from  both  of  these  units  in  that 
Foraminifera  tests  are  up  to  20  times  more  abundant  in  the  upper 
portion  of  unit  G  than  they  are  in  any  stratigraphically  lower  unit 
I  his  large  increase  in  Foraminifera  tests  is  seen  in  KO'7  to  90'7  of  the 
cores  The  sudden  appearance  of  abundant  planktonic  Forami¬ 
nifera  is  easily  recognized  with  a  hand  lens  This  increase  in  the 
number  of  Foraminifera  tests  occurs  at  approximately  one-third  to 
two-thirds  of  the  thickness  of  unit  (i  from  the  lower  contact  with 
unit  F 

Fhe  lower  contact  of  unit  G  with  the  underlying  middle  coarse 
layer  (that  is.  F)  is  gradational 

Unit  G  ranges  in  color  Irom  light  olive  brown  to  a  very  dark 
olive  brown  I  here  is  general  trend  in  the  sediment  color  from  a 
lighter  olive  brown  at  the  bottom  of  the  unit  to  a  darker  olive  brown 
toward  the  top  I  he  sediment  is  very  color  mottled  (  Iwrulritiw 
ty  pe  burrows  are  especially  abundant  in  the  upper  two-thirds  ol  this 
unit  fhe  burrows  are  generally  very  large  up  to  7.5  mm  in 
diameter  and  25.0  mm  in  length. 

Ferromanganese  particles  are  common.  I  hey  rim  a  burrow  and 
accentuate  the  burrow  oi  'line  1  liesc  lerromanganese  particles 
average  more  t han  4  (K  of  the  sand-si/ed  fraction  (  ohesive. dark- 
gray  mud  clasts.  1 .0  to  .7.0  nun  m  diameter,  arc  occasionally  present 
in  this  unit 

I  he  weight  percent  of  the  sand-si/ed  Iraction  averages  9  85', 
lor  26  cores  (App  2)  flic  detrital  sand-si/ed  Iraction  lias  an 
average  mean  value  in  the  line-sand  range  and  is  poorly  sorted 
Monocrv stalling  quart/  is  the  maior  constituent  of  the  sand-si/ed 
traction  (  App  ')  Fnrammilcia  tests  average  only  0  SI';  ol  the 
sand  in  the  lower  portion,  but  t  hey  constitute  an  a  vet  age  ol  18  71'; 
in  the  upper  portion  ol  i  his  unit  I  hey  range  f tom  8  5' ,  to  75  42' ,  ol 
the  sand-si/ed  material  ol  the  f  oraminilera-rich  upper  portion  o( 
unit  (i  for  three  cores 

In  unit  (i.  177  erratics  occur  in  the  cores  (  fable  I) 

I  nit  II 

I  rut  H  is  predominantlv  an  arenaceous  lulitc  It  is  div  idol  into 
five  subunits  tour  thru  arenaceous  lutite  lavers  and  one  thin, 
inlerstratilied.  silts  lutite  laser  (Fig  "l  I  liesc  lasers  have  been 


designated  subunits  a  through  c.  from  bottom  to  lop  I  nit  II  ranges 
in  thickness  from  5.8  to  15.9  cm  and  averages  1 1  72  cm  lor  47  cores 
Unit  H  is  the  third  and  uppermost  of  the  three  kev  arenaceous 
lutites.  In  this  context,  it  is  known  as  the  “top  coarse"  laser 

Frratics  are  common  in  unit  H.  Seventy-nine  were  found  in  the 
cores  (T  able  I) 

Subunit  Ha.  This  is  a  uniform,  light  olive-brown  arenaceous 
lutite.  It  is  absent  in  cores  from  the  Chukchi  Rise  and  western 
Alpha  Cordillera  areas  (Fig  8).  T  his  subunit  is  discontinuous  and  is 
very  thin  in  many  cores.  It  has  a  variable  thickness  that  ranges  from 
0.8  to  6.0  cm  and  averages  7 .07  cm  lor  14  cores 

T  he  lower  contact  with  unit  G  is  usually  sharp  but  often 
irregular.  The  contact  is  clearly  defined  by  an  upward  change  from 
usually  dark  brown  silty  lutite  to  light  reddish  olive-brown 
arenaceous  lutite. 

Ferromanganese  particles  are  rare  in  subunit  Ha  and  average 
I.Xrr  of  the  sand-si/ed  fraction  No  buriows  or  mottling  weie 
noted . 

The  weight  percent  ol  the  sand-si/ed  fraction  has  an  average 
mean  value  in  the  line-sand  range  and  is  moderately  sorted 
Monocrystalline  quart/  is  by  far  the  most  abundant  detrital  grain 
type  (App.  7). 

Subunit  Mb.  Ibis  is  a  dark  gray  to  reddish  olive-brown 
arenaceous  lutite  characterized  by  an  overall  dark  gray  color.  I  his 
subunit  ranges  in  thickness  front  I  Olo  4.7  cm  and  averages  2.75  cm 
(or  20  cores. 

T  he  contact  with  subunit  Ha  is  commonly  sharp  and  irregular 
In  a  few  cores  it  is  gradational.  T  he  boundary  is  usually  sharply 
defined  by  a  change  in  color  and  texture  from  a  light  reddish  olive- 
brown  arenaceous  lutite  below  toa  very  coarse,  grayish  arenaceous 
lutite  above. 

Ferromanganese  particles  are  rare  in  this  subunit  and  average 
only  7  6',  of  the  sand-si/ed  Iraction  Burrows  are  absent 

l  he  weight  percent  of  the  sand-si/ed  fraction  averages  7  7  f,2', 
for  14  cores  t  App.  2).  7  his  value  is  the  highest  average  percent  sand 
si/ed  fraction  ol  anv  ol  the  other  units  in  the  studv  section  I  lie 
detrital  sand-si/ed  fraction  has  an  average  mean  value  in  the  line- 
sand  range  and  is  moderately  sorted  Monocrv  stalhne  quail/  i- 1 he 
major  constituent  of  the  sand-si/ed  fiaction  (App  7| 

Subunit  He.  I  his  is  a  light  icddish  ohve-hiown  aicnaieous 
lutite  that  is  fairly  uniform  in  overall  appearance  I  he  thickness  o| 
subunit  He  ranges  from  0  7  to  7  1 7  cm  and  avetages  7  7(iiuiloi  22 
cores 

I  he  lowet  contact  with  subunit  Hh  tanges  (tom  giad.ituui.il  and 
indistinct  to  sliaip  and  regular  Mils  contact  is  defined  h\  tin 
change  liom  gtayish.  veiy  sandy  and  coal  sc  aicnaccmis  lutite 
below  in  subunit  Hh  to  reddish,  less  sandy  and  ionise  men. neons 
finite  above  in  subunit  lie 

I  cl  I  u  manga  liesc  paitules  aie  laic  in  this  subunit  and  aveiacr 
only  7  O' ,  o|  the  sand-si/ed  liaition  Buiiowsaie  late 

I  lie  weight  pei  cent  ol  the  satul -si/ed  1 1  action  a  vet  ages  20  "O' , 
(oi  22  coles  (  App  21  I  fie  dcltilul  sand  s i/cit  fraction  lias  an 
average  mean  value  ill  the  fine  sand  i.ingc  and  is  pooilv  suited 
Monocivstallme  qii.ul/  is  the  most  abundant  sand  si/ed  eiain 
I  App  7 1 

Subunit  lid.  I  his  olive  blown  ollcti  umloiin  sdlv  lutite  n  the 
onlv  siltv  lutite  subunit  in  t  he  genei a llv  ai enai  eons  unit  II  It  tanges 
ill  thickness  hum  0  I  to  '  5  cm  and  avetages  2  (I  cm  loi  2*  cotes 
I  he  lowei  contact  with  subunit  Hi  is  veiv  vague  dilliisc  and 
giadation.il  in  most  cases  llns  contact  is  laigelv  defined  hv  a 
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Figure  7.  (A)  I  nil  II.  arenaceous  liilife  from  core  F  I  2X4.  segments  14  and  I*.  Subunit  Ha  is  missing  in  Ibis  core.  Note  concat  e-downward  deformation 
of  contacts.  (  ontad  between  subunits  He  and  lid  is  gradational.  Sediment  below  subunit  lib  is  unit  (Bt  I  nit  II  from  core  I  I  4(W.  segment  7.  Subunit  Ha 
is  present  in  this  core.  \  small  portion  of  unit  <•  can  he  seen  at  the  bottom  of  the  photograph.  Again,  most  contacts  are  deformed,  and  the  contact  between 
subunits  He  and  lid  is  poor  Is  defined,  t  C  >  I  nit  II  from  core  F  I  'OX,  segment  X.  Subunit  Ha  is  present:  onl\  its  upper  portion  is  show  n  Most  contacts  are 
deformed.  (  orr elation  with  t  \)  and  |B|  is  as  shown.  (  orrelalion  lines  drawn  to  deformed  contacts.  Ml  scale  bars  represent  I  cm 


I  igmr  X  Map  showing  the  distribution  of  subunit  Ha  <  \osed  linhs 
represent  tores  with  subunit  lla  missing:  open  urrles  represent  eores  with 
subonif  lla  present  Water  depth  m  metres 
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I  he  lower  contact  is  del  mol  hy  a  change  in  color  and  uvtuie 
from  olivc-hiown  silts  lutitc  below  to  reddish  olive  brown 
arenaceous  lutitc  above  I  he  contact  is  usually  sharp  but  uicgulai 

f  erromanganese  particles  are  rare  ill  this  subunit  and  ..impose 
an  average  ol  1  l‘(  ot  the  sand-si/ed  tract  ion  Burrows  are  rare 

I  he  average  weight  percent  ol  the  sand-si/ed  traction  is  2b  (IV  , 
for  24  cores  ( App  2)  I  he  average  dctnlal  sand-si/cd  traction  ism 
the  fine-sand  range  and  is  moderately  sorted  I  he  most  common 
sand-si/ed  grain  is  monocry  stallinc  quail/  (  App  2) 

the  stratigraphy  ol  the  units  and  some  ol  the  important 
sedimentary  parameters  ol  each  unit  are  summan/ed  in  I  igurc  ') 

l  nit  1 

I I  nit  I  is  a  silty  lutitc  but  contains  a  thin,  arenaceous  lutitc 
subunit  At  the  base  is  an  unmottlcd.  olive  silts  lutitc  that  grades 
upward  into  an  intensively  mottled,  dark  yellowish-biown  silts 
lutitc.  1  he  base  is  overlaid  bv  a  thin  (2-  to  4-cml.  modeiatelv 
mottled,  olive-brown  arenaceous  lutitc  Above  this  middle  pan  is 
an  unmottlcd  to  moderately  mottled,  yellowish-gray  sillv  lulitclhal 
grades  upward  into  an  intensively  mottled,  daik  yellow  ish- bio w  n 
silty  lutitc 

The  thickness  ol  unit  I  langcs  I  unit  20  to  51  cm.  with  the  average 
thickness  being  22  cm  I  he  base  is  marked  hy  a  sharp  contact  with 
the  reddish  olive-brown  arenaceous  lutitc  (unit  H.  log  l(t| 

Variations  in  percent  coat  sc  grains  ate  plotted  against  depth  in 
core  lor  five  "type"  cores,  and  in  f  igure  II  a  maim  peak  near  the 
center  of  the  unit  is  associated  with  the  thin  arenaceous  lutitc  I  he 
middle  ol  unit  I  ( Ml)  has  an  average  ol  22' ,  coarse  grains  ( App  2l 
These  plots  appear  to  be  very  important  lor  units  I  to  M 

Virtually  all  ol  the  mottling  is  the  tcsult  ol  bioturhatiori  Most 
of  the  burrows  ate  l  hnntlriu  \  lire  burrows  langc  Iront  I)  2  to  2 
mm  in  width  and  are  up  to  20  mm  in  length  Rind  buiiows  and 
composite  huriows  (Chamberlain.  I *4 7 5 )  also  occur  in  this  unit  but 
arc  rare  1  he  most  intensive  burrow  ing  is  lestricled  to  the  si  It  v  lutitc 
/ones,  l  eriomanganese  particles  rim  some  huirows  but  genei.illv 
comprise  less  than  Vi  ol  the  sand-si/ed  matenal 

I  he  ntator  aienaceous  constituents  are  quart/  leldspai  grams 
(~ft5'V  I  and  lit  hit  icd  rock  I  rag  merits  <  -  1 7' , )  (App  2)  Most  ol  t  In¬ 
grains  oi  fragments  ate  angular  to  subangulat  and  app*  n  to  be 
pooilv  sorted 

Some  2‘>0  enatics  ocelli  in  it  rut  I  coles  (  I  able  I) 

(  nit  .1 

At  the  base  ol  unit  I  is  a  thin  1 1  to  4  cm I  oiaisr.  pud  white 
lavei  designated  R\2  I  Ibis  laves  has  a  v  hai  as  let  istu  weak  led 
( I0Y  R  2  2)  | ovve i  /one  (0  A  to  2  v  ml  ovci  lam  bv  a  w  lute  I  102  R  S  2  i 
upper  /one  (0  2  to  2  sin)  In  general  it  is  iinhuuowed  and  is 
associated  with  the  prominent  oiatse  peiiciitape  peak  il  ig  1 2 1 
I  nn  .1  contains  main  angular  v  lasts  tbs  lat  gest  ol  w  Im  h  is  s  mm 

I  he  I’W  |  i  is  ovcil.ml  h\  .in  unmoiilnt  to  nnulrf.ili  l\ 
nmltlrd.  p.ilc  \Hli»\Msf)  hfuun  mIi\  lutiu  th.it  pt.uhs  mtn  .in 
au'liiuciMiv  lutitr  I  lu  iont;u  t  umi.iIK  is  pt.nl.ilmn.il  .tin!  ilMnih  <1 
Sm.tll  (!•  to  4-mm»  pink  vs  Inti-  il.isis  ot  k  .ismti.tllv  uuin  nr. it  tin 
top  ol  flu-  unit 

Figure  <*.  I  ilhostrafigraphic  units  V  to  M  in  tent  ml  \rctn  Ocean 
Sedimentan  parameters  im  lude  pereentages  of  quart/  feldspar  and  total 
drtrital  grains  I  to  II  indieales  lo*  to  high  abundance  Descriptions 
indicated  Numbers  in  "delrilal  grains"  column  refer  to  carbonate  maxima 
peaks  of  Darbs  ( 
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I  he  thickness  of  unit .  I  ranges  from  II  to  3Xcm.and  the  average 
thickness  is  lh  cm.  I  his  unit  is  an  important  key  bed  in  the  section 
(big  II) 

I  he  percent  coarse  distribution  is  characterized  by  two  peaks 
(units  .11  .  .11’.  App.  2)  The  lower  peak  is  associated  with  the  pink- 
white  layer,  and  the  upper  peak  represents  the  overlying  silty  to 
arenaceous  lutite  (big  I  I) 

Most  ol  the  mottling  is  due  to  C'/iorn/riies-type  burrowing 
organisms  I  he  burrows  are  similar  to  those  described  in  unit  I  and 
are  outlined  by  small  black,  ferromanganese  particles. 

({oilman  ( 1972)  gave  a  detailed  description  of  the  pink-white 
layers  He  determined  that  the  pink-w  hite  layers  were  rich  in  elastic 
carbonate  and  had  lower  proportions  of  iron  and  manganese  oxide 
than  the  surrounding  sediment  Petrographic  study  supports  these 
results  I  he  major  sand-si/ed  constituents  are  quartz-feldspar 
grains  (45';).  detrital  carbonate  (~37 and  lit hified  rock 
fragments  (  - 10'  i )  (  App.  3)  Most  of  the  grains  are  subangular  to 
angular  and  are  poorly  sorted. 

Some  135  erratics  were  recovered  from  the  cores. 


I  nil  K 

Unit  K  is  a  mottled,  dark  yellowish-brown  to  dark  grayish- 
brown.  boraminifera-rich  silty  lutite  (big  13)  I  he  thickness  ot  unil 
K  ranges  from  14  to  53  cm.  and  the  average  thickness  is  33  cm  I  he 
Brunhcs-Matuyama  magnetic  boundary  occurs  in  this  unit 

The  bottom  contact  is  marked  by  a  change  from  a  light 
silty  arenaceous  lutite  to  dark  silty  lutite  over  a  2-  to  5-cm  interval 
boraminifera.  ty  pically  (ilnhnqnaJrinu  patln  Jenna,  are 
extremely  abudant  and  can  be  easily  observed  in  the  upper  two- 
thirds  of  the  unit. 

In  general,  unit  K  has  a  lower  percent  coarse  distribution  than 
the  units  immediately  below  (unit  .1)  and  above  (unit  I  |  (big  I  I) 
The  distribution  averages  I5'i  (App  2) 

T  his  unit  is  intensively  burrowed  (  linmlrilm  and  horizontally 
stacked  burrows  similar  to  those  in  unit  .1  are  most  abundant 
/oo/ihvi m  occur  in  this  unit  1  hese  burrows  are  backlilled.  have  a 
horizontal  orientation,  and  are  approximately  h  mm  in  width  and 
up  to  30  mm  in  length  (width  of  core)  Rind  burrows  and  composite 


Hgure  1(1  fvpieal  lllhubigs  of  unil  I  ( Al  I  nil  II  In  I  cnntarl  in  b  I  1X4.  segment  I A  Base  of  I  is  darker  zone  of  unhurr owed  nine  silly  lulile  lhal  grades 
upward  into  a  miiHIrd.  dark  sellnwish-hrown  sills  lulile  IB)  Middle  and  upper  pari  id  unit  I  from  b  I  VA4.  segment  16.  Middle  pari  is  nnls  mndrralrls 
burrowed.  hut  il  grades  into  the  upper  pari  id  unil  I.  sshich  is  inlensisels  burrowed.  and  a  darker  eellnwish-brnwn  sills  lulilr  Neale  bars  are  I  em 
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Figure  II.  (  orrelatitm  by  lilhoslraiigraphic  units  I  to  M  of  the  percent  coarse  distribution  (  61  v m )  between  fise  cores.  Each  unit  has  a  characteristic 
percent  coarse  distribution. 


burrows  (Chamberlain.  1975)  occasionally  occur  but  usually  arc 
rare  Small  ferromanganese  particles  are  evenly  distributed 
throughout  most  of  the  unit  and  compose  7 .7*7  by  weight  ol  the 
sediment  in  live  cores 

Quartz-feldspar  grains  ('-54*7).  detrital  carbonate  (~l5rD.  and 
lit  hie  fragments  (IV; )  are  the  major  sand-sized  particles  in  unit  K 
(  App  3).  Matts  of  the  grains  are  subangular  to  angular;  the  grains 
are  poorls  sorted 

In  unit  K.  204  erratics  were  found  in  the  cores  (  fable  ll 


/one  1  he  large  burrows  range  from  4  to  15  mm  m  uidthand  teach 
5()  mm  in  length.  1  he  number  of  burrows  and  the  humming 
intensity  seem  to  increase  toward  the  t«'p  t»f  the  unit  A  distortion  of 
the  upper  contact  is  due  to  this  intensive  humming  actis  its  in  most 
cores  Ferromanganese  particles  aserage  less  than  4',  m  this  unit 

I  he  maim  sand-si/ed  modes  are  quartz-feldspar  gr.iins  <  Ob' ,  i 
and  lithic  fragments  ('  17' ()( App  h  I  nn  1  contains  the  highest 
proportion  of  ijuartz-feldspat  grams  of  ans  Aictk  lithologu  unit 
studied 

Nome  2(D  erratics  were  found  in  the  cores  (  I  able  I  l 


!  his  unit  is  an  arenaceous  lutite  with  an  upper  silts  lutite  /one 
1  he  thickness  of  unit  1  ranges  from  4  to  I  V)  cm.  with  the  aseiage 
thickness  being  *1  cm 

1  he  base  of  the  unit  is  marked  by  a  sharp  contact  between  the 
dark,  mottled  silts  lutite  H  unit  k  and  a  thin  (I-  to  Venn, 
unmottled  olive  to  light  scllowish-hrnwn  silts  lutite  (f  ig  I?) 

I  he  percent  coarse  plots  foi  unit  I  usualls  exhibit  one  major, 
continuous  peak  I  he  peak  is  easilv  distinguished  in  those  cores 
that  base  a  thick  arenaceous  lutite  zone  with  erratics  distributed 
esenls  throughout  (I  ig  If) 

(  hnnJnfr \  and  small  rind  burrows  ((  hamberlam.  1975)  occur 
occasionallv  in  the  sills  lutites  ol  this  unit  In  addition,  mans  large 
burrows  filled  with  dark.  I  orafTimdera-rk h  silts  lutite  or  light  silts 
lutite  intermixed  with  small  pink  white  clasts  are  common  in  this 


I  fie  bottom  of  unit  M.  the  uppermost  lithologic  unit  in  the 
central  Arctic .  is  mat  ked  by  a  thin  (0  5-  to  2-cm ).  c oaise  pink  while 
lasei  designated  PW?  (fig  14)  I  he  PW  7  lasei.  desciihed  bs 
Hoffmann  (1972).  ?s  similar  to  the  PWl  laser  found  m  unit  I  In 
most  of  the  cores.  PW2  is  distorted  and  iscoinmonls  intcimixed 
with  t  he  sin  rounding  darker  sediment  I  lirough  an  inte  r  sal  of  7  to  H 
cm  A  hose  the  PW7  lasei  is  a  mottled  tmammdeia  mli 
sellow ish-brown  to  brown  silts  lutite  that  grades  into  inierlanun 
ated  light  and  dark  silts  lulites  l  he  si  It  \  lutites  ai< ■  osei  lain  bs  an 
nninottled  olise  to  ohse-gras  aienaceous  lutite  I  he  top  of  the  unit 
is  marked  bs  a  t h in  (0  I  -  to  I  cm),  w  lute  laser  designated  V  sc  hu  h 
is  oserlaxf  bs  a  !  oranundera  in  h.  dark  vellowish  blown  sili\ 
lutite  In  mans  of  the  c  ores  the  upper  seseial  cenlirnettes  of  sec  lion 
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Figure  13.  Ispical  lilhologs  of  unil  K.  (\) 
Dark  sellowish-hrown  to  dark  gras ish-brown  sills 
lulite  with  some  arenaceous  material  of  loner  and 
middle  parts  of  unit  K.  H  354.  segment  19, 
Intense  burrowing  characterizes  all  parts  of  unit 
K.  ( Bl  I  pper  lighter  portion  of  unit  K  and  k  to  I 
contact  in  H  354*  segment  20.  Notice  relatisels 
sharp  contact  of  dark,  burrowed  unit  K  below  arid 
unhurruwed.  olive  to  light  sellowish-hrown  silts 
lutite  (unit  I.)  abose.  Scale  bars  are  I  cm. 
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prnbithly  reflects  the  thickness  pattern  ol  unit  I 

1  xammation  ol  figure  21  texeals  a  tieml  of  gradual  thinning 
toward  the  southern  Hank  ol  the  Alpha  Cordillera  lor  unit  I 
No  overall  trends  can  he  determined  lor  unit  I  (l  ip.  22) 
However,  the  PWI  laser  is  thickest  (2  to  4  cm}  and  displays  a 
distinct  pmk-white  coloration  in  cores  from  the  Chukchi  Rise  It 
tends  to  thin  and  become  less  pink  toward  the  Alpha  Cordillera, 
where  it  is  primarilv  a  moderately  burrowed,  thin  wisp  ol  white 
sediment 

I  'nit  K  is  thickest  in  cores  Irorn  the  Chukchi  Rise  and  the 
southeast  Hank  ol  the  \lpha  Cordillera  (I  ip  21)  It  is  thinnest  m 
ci ire1  Irom  the  southwest  Hank  and  crest  ot  the  Alpha  Cordillera 
I  he  overall  trend  tor  unit  I  is  a  pronounced  increase  in 
thickness  toward  the  crest  and  southeast  llank  ol  the  Alpha 
(  ordillcratl  ip  24)  caused  bv  an  expansion  ol  the  lipht  arenaceous 
lutite  /one  I  he  marked  increase  in  the  southeast  llank  area  is  a 
result  a  local  ehanpe  in  lith»*lopv  \  moderatelv  thick  ( ^  to  K) 
cm).  ert atic -Idled,  dark  olive-prav  arenaceous  lutite  occurs  above 
the  hpht  arenaceous  lutite  /one  in  the  lower  portion  ol  unit  I  I  Ins 
v  hanpe  m  lit  holopv  occ  urs  in  cores  H  IdS.  iVh.  40X.  4  10.  4  M 
and  4  I 

A  definite  trend  in  unit  M  is  show  n  in  figure  I  here  is  a  large 
increase  in  thickness  toward  the  Alpha  Cordillera  In  general  this 
increase  appears  to  he  uniform  throughout  the  entire  unit 

I  nit  M  exhibits  some  of  the  greatest  variations  in  thickness 
between  cores  onls  in  a  short  lateral  distance  apart  It  is  important 
to  note  th.it  tor  both  expanded  and  t  ondensed  sections  eac  h  of  the 
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f  igure  14  \  c  omparison  of  unil  M  in  two  cores  collected  more  than  200 
km  apart  Note  the  correlation  of  laminae  in  these  segments  <  ore  segment 
is  1  <  cm  in  length  ( I )  l*M  2  laser;  ( 2)  brown,  I  oranmufera  rii  b  silts  lutite 
grading  info  an  interlammaled  light  and  dark  brown.  I  orammifera  rub 
silts  lutite:  <  M  gras  to  olise  gras  arenaceous  lutite.  and  (4l  dark  sellowi<*h 
brown,  I  oraminifera-nch  silts  lutite.  ocerlatn  bs  the  XX  *  laser 


Figure  15.  Thickness  of  unit  K  in  centimetres.  All  fractional  sallies  are 
rounded  to  the  nearest  integer.  A  general  trend  from  thin  on  the  Alpha 
Cordillera  to  thick  toward  the  (  hukchi  Plateau  is  apparent.  H  ater  depth  in 
metres. 


figure  16.  Thickness  of  unit  II  in  centimetres.  All  fractional  values  are 
rounded  to  the  nearest  integer.  There  is  some  clustering  of  thin  units  on  the 
Alpha  C  ordillera.  Hater  depth  in  metres. 


rounded  to  the  nearest  integer.  Hater  depths  in  metres 


Figure  18.  Distribution  of  the  combined  thicknesses  of  units  I)  and  F  in 
centimetres.  All  fractional  salues  are  rounded  to  the  nearest  integer.  I  here 
is  a  cluster  of  low  salues  occurring  in  the  group  of  cores  near  the  (  hukchi 
Plateau.  Hater  depth  in  metres. 


f  igure  19.  Thickness  of  unit  (.  in  centimetres.  All  fractional  salues  are 
rounded  to  the  nearest  integer.  I  here  are  low  salues  high  on  the  Alpha 
(  ordillera.  Hater  depth  in  metrrs 


through  unit  II.  inclusive.  Ml  fractional  sallies  are  rounded  to  the  nearest 
integer  There  is  a  clustering  of  low  sallies  on  the  Mpha  (  ordillera.  which 
prohahls  reflects  the  thinness  of  unit  I  in  these  cores  Hater  depth  in 
metres 
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Figure  27.  Distribution  of  the  thickness  for  units  I  and  M  combined. 
Thicknesses  are  in  centimetres.  These  units  are  primarily  arenaceous  lutites. 
Water  depth  in  metres. 


subunits  of  unit  M  is  present.  It  is  possible  to  correlate  I-  to  2-mni 
laminae  with  thicker,  equivalent  counterparts  in  a  nearby 
expanded  section,  as  shown  in  Figure  14.  T  hese  local  variations  in 


thickness  do  not  appear  to  be  a  function  of  bathymetry  and  are 
probably  due  to  variations  in  the  sedimentation  rate. 

T  he  top  of  unit  M  is  commonly  marked  by  an  olive-gray 
arenaceous  lutite  overlain  by  the  W.T  layer  However,  several  cores 
exhibit  up  to  5  cm  of  sediment  overlying  the  W7  layer  This 
sediment  can  be  characterized  as  a  dark  yellowish-brown  silty 
lutite.  The  absence  of  this  zone  in  a  majority  of  cores  probably  is  a 
result  of  truncation  by  the  coring  device  during  the  coring 
operation.  It  is  estimated  that  3  to  5  cm  ol  sediment  was  lost  from 
the  top  of  the  section 

The  distribution  ol  thicknesses  for  units  I.  .1.  and  K  is  shown  in 
Figure  26.  T  he  sum  of  thicknesses  for  units  1  and  M  is  plotted  in 
Figure  27.  Units  J  and  K  generally  seem  to  be  thicker  in  cores  from 
the  Chukchi  Rise.  Units  I.  I  .  and  M  tend  to  thicken  toward  the 
crest  of  the  Alpha  Cordillera.  All  ol  the  units  are  thicker  in  cores 
from  the  southeastern  Hank  of  the  Alpha  Cordillera. 

I  NCOM  ORMITIKS 

Only  a  lew  of  the  several  hundred  cores  that  have  been  studied 
have  unconformities.  Four  of  these  arc  shown  in  Figure  2S  Cores 
with  unconformities  arc  restricted  to  the  extreme  southwestern 
Hank  ol  the  Alpha  Cordillera  and  the  northeastern  flank  ol  the 
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Figure  2*.  lithologic  and  chronologic  distribution  of  unconformities  in  the  upper  part  of  the  section.  Dark  horirontal  lines  indicate  the  unconformities, 
letters  in  parentheses  are  units  missing  from  the  section.  Question  marks  indicate  that  only  part  of  the  unit  Is  missing.  The  unconformity  in  core  FI.  2111  and 
the  unconformity  near  the  top  of  core  FI  2b*  have  similar  times  of  occurrence. 
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Chukchi  Rise  I  he  estimated  date  of  occurrence  (based  on 
magnetic  signature)  for  the  unconformity  in  core  FI.  2 1 K  is  0.29 
my.  Two  unconformities  exist  in  I  I  26X.  The  upper  unconformity 
occurred  approximately  0.30  m.y.  ago  and  may  represent  the  same 
event  as  the  one  at  the  top  of  FI  21S.  The  lower  unconformity  in 
core  FT  26X  shows  a  break  where  unit  F  is  overlain  by  sediment  ol 
unit  .1  The  precise  nature  of  this  unconformity  is  difficult  to 
determine.  The  unconformity  in  core  FI.  27X  is  believed  to  have 
occurred  in  the  Holocene.  No  sediment  has  accumulated  above  the 
unconformity.  An  alternate  hypothesis  is  that  this  could  he  a  result 
of  the  coring  operation. 

A  lack  of  widespread  unconformities  implies  that  bottom 
sediments  contain  a  continuous,  complete  record  ol  depositional 
events  lor  the  Arctic.  I  extreme  variations  in  unit  thickness  are 
probably  not  the  result  of  unconformities  hut  ol  local  changes  in 
the  sedimentation  rate. 

(  HRONOSTRATIHRAPFfY 

Introduction 

Core  IT  224  has  what  appears  to  he  complete  magnetic 
signatures  that  indicate  the  oldest  sediment  ol  any  ol  the  Arctic- 
cores  d  ig  24)  However,  a  mayor  problem  in  working  with 
sediment  cores  trom  the  Arctic  Ocean  has  been  the  lack  of 
independent  evidence  to  aid  in  correctly  interpreting  the 
paleomagnctics  (l)arhy.  I47S)  Because  of  low  species  diversity  in 
the  Arctic  Ocean,  a  hiostratigraphic  framework  for  the  late 
(  eno/oic  has  not  been  developed  I  bus.  interpretations  of  the 
paleomagnctics  helow  the  unmistakable  Hrunhes-Matuyama 
reversal  are  subjeeuve  Subjectivity  has  increased  with  greater 
depth  ol  core  penetration. 

Farly  attempts  at  Arctic  paleomagnetic  interpretations  include 
Steuerwald  and  others  (I96X)  and  C  lark  (1969)  for  FT  224  Clark 
( 1970)  reinterpreted  the  paleomagnetic  for  IT  224  and  IT  221  and 
concluded  that  the  oldest  sediment  above  llow-in  was  deposited 
during  the  (iauss  Normal  I  poch  (  3  32  m  y .).  I  his  inter  pretation 
is  refined  in  the  present  study  Interpretations  in  this  paper  were 
augmented  hv  the  study  and  interpretation  ol  physical 
sedimentologie  data  not  previously  available 

■Magnetic  Stratigraphy 

I  he  Brunhcs-Vfatuyama  magnetic  reversal  occurs  in  a  matoritv 
of  the  Arctic  cores  in  stratigraphic  unit  K  (f  ig  7(0  Determination 
of  the  .laramillo  stihehrono/one  is  more  subjective  because  ol  its 
short  duration  (-60.000  yr ).  the  re  la  l  iv  elv  large  sampling  interval  (5 
cm),  and  the  inconsistency  ol  the  magnetic  data  (the  gradational 
rones  in  some  cores)  However,  a  relatively  consistent  normal 
polarity  signal  occurs  near  the  bottom  ol  unit  I.  and  this  is  inter¬ 
preted  to  represent  the  laramillo 

In  addition  to  the  Brunhes  Matuyama  reversal,  which  is  well 
documented  in  a  ma|nntv  ol  the  Arctic  cores  in  unit  K.  the 
Mat  uyama-f  muss  reversal  is  a  reliable  hori/on  I  he  magnetic 
signature  interpreted  as  the  Matuvama-fiauss  reversal  is  found 
consistcntlv  in  unit  D.  approximated  rnidwav  between  units  I  and 
(  .  in  all  cores  that  penmate  through  the  section  If  ig  241  I  his 
reversal  is  gcnetaltv  verv  sharp  and  in  this  respect  is  as  good  a 
reference  datum  as  the  younger  Brunhes  Matuvama  boundarv 
t  laxstf  ication  of  older  parts  ol  the  cores  is  mote  rliltivult 


Age  of  Stratigraphic  l  nits 

Introduction.  Two  approaches  were  used  in  determining  the 
approximate  age  of  each  ol  the  stratigraphic  units  (I)  use  ol 
selected  sedimentary  parameters  and  (2)  use  ol  sedimentation  rales 
based  on  interpretations  ol  paleomagnetic  stratigraphv  I  he 
sedimentary  parameters  were  studied  for  a  first-order  approxi¬ 
mation  of  “last"  or  "slow"  rates  ol  deposition  Magnetic 
stratigraphy  y  ielded  more  ipranlilam e  data  for  calculating  rates  of 
sedimentation  and  approximating  the  age  ol  units,  but  the  data 
derived  from  (1)  guided  the  selection  of  the  several  interpretations 
possible  lor  (2). 

Sedimentary  Parameters  Considered.  ( I )  Figure  4  illustrates  the 
vertical  variation  in  ferromanganese-particle  abundance  in  the 
units  and  demonstrates  that  it  is  greatest  in  silty  Unites  and  lowest  in 
the  arenaceous  Unites.  It  is  the  author's  view  that  tins  suggests  a 
major  difference  between  these  two  sediment  types  in  processes  ol 
depositon  It  is  suggested  that  an  abundance  of  ferromanganese 
particles  indicates  low  sedimentation  rates  (Moore.  1973:  Watkins 
and  Kcnncll.  J 977)  I  he  possibility  that  the  ferromanganese 
particles  grew  in  the  sediment  below  the  sediment-water  interlace  is 
discounted  because  if  this  were  the  case,  the  particles  should  be 
evenly  distributed  in  all  the  units  rather  than  being  concentrated  as 
they  are  in  a  lew  ol  the  units.  (2l  lire  percentage  ol  I  oraminilera 
tests  approaches  zero  in  the  lower  (silty )  poitions  ol  the  section  but 
shows  a  rapid  increase  in  unit  (i  and  higher  (arenaceous  parts  1 1  F  ig 
9|  |  he  lack  ol  l-oramimfera  tests  lower  in  the  section  could  be 
explained  by  post  depositional  solution  due  to  collusive  bottom 
water  or  low  sedimentation  rates,  low  productivity,  masking  ol 
abundance  hv  high  sedimentation  rates,  or  a  combination  ol 
(actors  ( ))  I  lie  percentage  ol  sand-si/ed  material  and  enatics 
increases  in  the  uppei  pari  ol  the  cores  studied  (Fig.  4.  fable  I) 
Most  of  the  stratigraphic  thickness  ol  arenaceous  lulite  is  found  in 
the  upper  one-thud  to  one-half  ol  the  cores  Ir  is  prohahle  that 
greater  percentages  ol  sand  represent  relatively  higher  rates  of 
deposition  I  he  sharp,  lower  contacts  ol  units  II  and  I  also  suggest 
rapid  deposition  of  these  arenaceous  units  (4)  Most  of  the  pebbles 
occurring  m  silrv  Unite  have  let mmanganesc  coalings  in  contrast  to 
the  rare  occurrence  of  ferromanganese  particles  in  aienaceous 
Unites  lire  extensive  ferromanganese  coatings  on  erratics  in  silty 
Unites  support  the  hypothesis  that  sdtv  Unites  represent  low 
sedimentation  rates  II  this  is  the  case,  the  scarcitv  ol  coated  pebbles 
in  arenaceous  hit  ties  sttpr  otts  the  tltcorv  that  sediment  at  ion  tales 
weic  lelattvelv  high  when  the  arenaceous  Unites  weie  being 
deposited  I  he  erratics  weie  buried  Ulster  than  ferromanganese 
material  could  coal  the  exposed  poitions  ( A )  Bunowing  is  more 
intensive  in  silty  Unites  than  in  aienaceous  Unites  1 1  -  ,  '.4.6.6  4t 
a  factor  that  irtav  indicate  low  sedimentation  tales  |  Howatd.  |9"6) 

A  plot  ol  buttovv  Itequetlcv  vetstts  depth  shows  good  cottelatioti 
between  increased  biotin  bation  and  silts  Unites  (tig  9)  A  lack  ol 
burrows  in  aienaceous  Unites  digs  4  V  ",  4|  is  piohablv  a 
con  sect  iience  °f  tie  posit  ion  iatc  s  t  hat  vu  ■  •.-  Indict  than  the  abilitv  ol 
burrowing  otgamsms  to  mix  the  sediment  ilfow.itd  14 ’M 

(  OIK  fi/s/om  f fie  portions  o(  the  .  otc'  be  low  unit  (  consist 
niosllv  ol  si  It  \  Unites  and  a  tew  t  loti  at  i  n.o  -  oils  hit  ites  I  valence 
suggests  dial  arenaceous  Unites  icpicscn!  high  sedimenlalion  tales 
whereas  the  paucitv  o!  sand  si/ed  material  m  llw  -i f t \  Unites 
indicates  low  sedimentation  tales  I  Ins  assumption  is  suppoiicd  b\ 
an  abundance  ol  lettomanganese  panicles  low  amounts  of 
I  oi.imindera  and  ettalics.  extensive  ten oniangatiese  co. nines  on 
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Figure  19.  C  orrelation  of  the  magnetic  signatures  of  a  portion  of  core  FL  124  with  the  standard  paleomagnetic  time  scale  and  the  standard 
chronoatratigraphic  time  scale.  The  ages  of  the  bases  of  the  arenaceous  lutlte  layers  are  indicated  by  small  numbers  in  the  time  column.  The  lithologic 
symbols  are  the  same  as  in  Figure  2. 
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Figure  30.  Lithologic  correction  of  I  to  M  between  five  corn.  End  member  corn  (220, 43$)  ire  greiter  thin  600  km  ipirt.  Note  the  occurrence  of  the 
Brunhes-Mituyimi  boundiry  in  unit  K. 


larger  pebbles,  and  more  extensive  burrowing  in  the  silty  lutites 
These  factors  are  considered  good  evidence  ol  the  low 
sedimentation  rate  for  all  silty  lutites.  including  those  ol  units  A,  H. 
and  I)  in  the  part  of  the  cores  with  poorest  magnetic  control 
Magnetic  Stratigraphy  Interpretations.  Semiquantitative  sedi¬ 
mentation  rates  can  be  calculated  Irom  interpretations  based  on 
major  palcomagnctic  epoch  boundaries.  I  he  Brunhes-Matuyama 
boundary  can  be  identified  in  the  lower-middle  part  of  stratigraphic 
unit  K.  t  his  major  polarity  reversal  was  recognized  in  the  maiority 
of  the  Arctic  cores.  I  he  boundary  between  the  Brunhcs  and 
Matuyama  commonly  is  marked  at  0.7  my  Dates  lor  this 
boundary  in  the  literature  lange  Irom  0.69  to  0.7.3  m.y  Ibis 
boundary  is  the  most  distinctive  and  widespread  palcomagnctic 
signature  recognized  in  the  Arctic  cores  (I  igs  2.  30:  Clark.  1970) 
Typically,  the  change  from  normal  to  reversed  polarity  is 
gradational  over  a  15-  to40-cm  interval  lor  the  Brunhes-Matuyama 
boundary  A  comparison  ol  the  lithologic  details  of  the  part  ol  unit 
K  in  cores  in  which  a  sharp,  distinctive  Brunhes-Matuyama 
boundary  occurs,  with  other  cores  in  which  a  gradational  magnetic 
signature  was  recorded,  was  hclplul  I  he  part  ol  unit  K  in  which  a 
sharp,  well-defined  magnetic  reversal  is  present  correlates  with  a 
thin,  light -colored  zone  of  coarser  sediment  in  the  cores  foi  which  a 
gradational  magnetic  change  is  recorded  I  he  uppermost  or  lirst 
reversed  reading  also  correlated  with  the  same  light-colored, 
coarser  sediment  of  unit  K  thus,  by  selecting  the  first  reversed 
polarity  signature  in  the  gradational  interval,  a  consistent  method 
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ol  ident  i  heat  ion  <»l  the  Brunhes-Maun  ama  boundarx  in  all  ol  the 
cores  uas  accomplished 

Sedimentation  tales  f » »i  the  Bi  unties  I  pot h  uete  then 
calculated  on  the  basis  ol  this  palcomagnetie-lit  holoeu  conelation 
Kates  ranged  from  0  55  to  2  92  mm  1  (HK)  \  r  ( I  able  2)  and  axeiagcd 
I  ^2  mm  1.000  \t  for  the  cores  studied 

I  he  .laramdlo  subchrono/one  is  also  ret  ogni/cd  m  .it  least  halt 
of  the  cores  I  he  Jararmllo  occurs  m  the  lower  portion  ol  unit  I  ,md 
the  upper  portion  of  unit  I  I  o  check  the  validity  »>l  this  occurrence, 
ages  lor  the  laramdlo  were  calculated  based  on  the  sedimentation 
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rale  for  the  Brunhes  in  each  core.  The  calculated  apes  lor  the 
Jaramillo  bracket  the  actual  age  (0.89  to  0.95  m.y.)  consistently. 
This  supports  the  idea  that  sedimentation  rates  changed  ver>  little 
in  the  upper  part  of  the  Matuyama. 

Ages  of  unit  boundaries  were  calculated  by  extrapolation  of  the 
Brunhes  sedimentation  rate  into  older  parts  of  the  cores.  Because 
the  Brunhes-Matuyama  boundary  is  the  most  reliable  magnetic 
signature  in  the  upper  parts  of  the  cores  (lithologic  units  I  to  M ),  it 
was  used  as  the  base  line  forage  determination  of  depositional  units 
(Table  3).  Farther  from  the  Brunhes-Matuyama  boundary  in  the 
cores,  the  calculated  agesare  less  accurate.  Forexample.  the  base  of 
unit  I,  on  the  calculated  sedimentation  rate,  ranges  from  0  94  to 


TABLE  3. 

CHRONOLOGY  OF 

UPPER  UNITS 

Unit 

Age  interval 
(m.y . ) 

Error 

(ra.v.)* 

M 

0.000  to  0.264 

t  0.037 

L 

0.264  to  0.558 

♦  0.060 

K 

0.558  to  0.822 

♦  0.083 

.1 

0.822  to  0.946 

♦  0.091 

I 

0.946  to  1.200 

♦  0.105 

*£st im.it  ed  error  calculated  by 
subtracting  the  average  age  from  the 
age  calculated  using  the  average  unit 
thickness. 


3.02  m.y  in  different  cores  in  many  ol  the  cores  in  which  unit  1 
occurs,  a  tentative  Matuyama-Ciauss  boundary  has  been 
recognized.  The  actual  age  ol  the  Matuyama-Gauss  boundary  is 
2.43  to  2.48  m.y  Because  this  magnetic  boundary  occurs  in  unit  I). 
-100  cm  bein'.  the  base  of  unit  I.  it  is  apparent  that  several  ol  the 
calculated  ages  for  the  base  ol  unit  I  are  spurious  I  he  problem  can 
be  explained  on  the  basis  ol  the  sedimentary  makeup  ol  the  units 
About  70',  ol  the  100-cm  section  (below  unit  ll  is  silty  lutite. 
Silty  lutites  represent  low  sedimentation  rates  I  he  sediments 
deposited  during  the  Brunhes  are  predominantly  arenaceous  lutites 
tind  represent  higher  sedimentation  rates  I  herelore.  the  calculated 
Brunhes  sedimentation  rate  most  likely  is  greater  than  the  actual 
sedimentation  rate  for  the  section  ol  predominantly  silty  lutite 
above  and  below  unit  I  (units  A.  If.  I).  F,  (i.  I.  K.  and  part  ol  M) 
It  it  is  assumed  that  the  sedimentation  rate  based  on  the 
Brunhes-Matuyama  reversal  represents  a  maximum  figure,  the 
minimum  time  needed  to  deposit  100  cm  ot  sediment  is  0.88  m.y 
Subtracting  the  minimum  time  of  deposition  lor  the  actual  age  ot 
the  Matuyama-Ciauss  boundary  (2.43  m  y  I  gives  a  maximum 
possible  age  of  1.55  m.y.  for  the  base  ot  unit  I 

Re-examination  of  the  thickness  data  reveals  the  reason  lor  the 
spurious  dates,  f  igure  31  shows  distribution  ol  sedimentation 
rates.  Comparison  of  this  with  the  thickness  trend  ol  units  I  and  M 
(Fig.  27)  indicatcsa  close  similarity .  Coies  with  condensed  I  and  M 
units  have  extremely  low  sedimentation  rates  Because  the  total 
'init  thickness  of  the  Matuyama  is  relatively  constant. 


22 


Cl. ARK  AND  OTHERS 


extrapolation  of  the  resultant  low  sedimentation  rates  results  in 
inflated  ages  for  the  lower  units.  About  35n7  of  the  cores  have 
calculated  dates  greater  then  1.5  m  y.  for  the  bottom  contact  of  unit 
I  All  of  these  cores  have  condensed  I.  and  M  units. 

The  average  sedimentation  rate  and  age  for  each  unit  were 
recalculated  after  elimination  of  cores  in  which  calculated  ages  for 
the  base  of  unit  1  were  greater  than  1.5  m  y.  The  average 
sedimentation  rate  that  results  is  1.14  mm  1 .000  yr.  fable  .3  lists  the 
ages  for  units  I  to  M.  The  relationship  of  calculated  ages  to 
lithology  for  the  upper  parts  of  the  cores  and  the  apparent 
sedimentation  rate  are  illustrated  in  Figure  32. 

The  next  most  reliable  magnetic  signature  is  in  the  middle  of 
unit  D.  In  order  to  check  on  the  identification  ol  this  signature, 
assumed  to  be  the  Matuyama-Gauss  boundary .  the  sedimentation 
rates  were  extrapolated  downward.  The  calculated  age  of  (he  base 
of  unit  H  averages  1.17  m.y.  ±  100.000  yr  with  a  95G  degree  of 
confidence  and  a  range  in  values  from  0.92  m.y.  to  1.37  m.v  Using 
1.17  m.v.  as  the  age  for  the  base  of  unit  H,  the  sedimentation  rate 
was  calculated  from  the  base  of  unit  H  to  the  assumed  Matuyama- 
(iauss  boundary  in  unit  I)  for  25  cores.  Using  this  sedimentation 
rate  for  each  core  and  interpolating  from  the  base  of  unit  FI,  the 
base  of  unit  F  was  calculated  to  average  1.92  m  .y  i  30.000  yr  with  a 
95'7  degree  of  confidence  and  a  range  in  values  from  1.85  m.y  to 
2.19  m.y. 

The  calculated  sedimentation  rate  for  the  interval  from  the  base 
of  unit  II  to  the  assumed  Matuyama-Gauss  reversal  is  ~0.5 
mm  1 .000  yr.  This  includes  units  I).  I  .  F.  and  (i.  which  are 
predominantly  silty  lutite.  This  is  an  extremely  important 
calculation  because  it  contrasts  with  the  higher  sedimentation  rate 
of  the  predominantly  arenaceous  I  utiles  higher  in  the  section  (units 
FI  to  M)  The  contrast  convinces  us  that  silty  I  utiles  represent  lower 
sedimentation  rates  and  that  arenaceous  Unites  resulted  Iront 
higher  sedimentation  rates  an  idea  developed  separately  on 
sedimentologic  grounds. 

A  value  of  0.5  mm  1 .000  yr  for  silty  Unites  is  important  because 
four-filths  of  the  sediment  in  the  lower  part  of  the  section  (units  1). 
F.  F,  and  (i)  is  silty  lutite.  Using  this  calculated  value  (0  5 
mm  1 .000  yr).  the  less  distinctive  magnetic  signatures  for  the  Gauss 
and  Gilbert  Epochs  (which  include  nearly  all  silty  Unites)  can  be 
verified  (Figs.  2,  29) 

An  alternate  interpretation  of  the  palcomagnetics  is  that  all  ol 
the  interval  below  the  Matuyama  chron  represents  the  Gauss  and 
that  the  polarity  reversal  of  unit  l),  believed  to  be  the  Matuyama- 
Gauss.  is  of  Kaena  and  or  Mammoth  age.  At  0.5  mm  1, 000 yr.  the 
expected  thicknesses  are  44.5  cm  for  the  Gauss  and  89  0cm  lor  the 
Gilbert  These  values  are  exceedingly  close  to  the  average  measured 
values  of  40  9  cm  for  the  probable  Gauss  in  25  cores  and  83  I  cm  tor 
the  probable  Gilbert  in  7  cores  If  the  reversed  interval  of  unit  I) 
were  Kaena  and  or  Mammoth,  sedimentation  rates  ol  at  least  3.2 
mm  1.000  yr  would  be  necessary  to  achieve  sufficient  thicknesses 
I  his  value  lor  sedimentation  rates  seems  unlikely  in  view  ol  the 
conclusions  concerning  low  sedimentation  rates  for  silty  Unites 
I  he  average  sedimentation  rate  lor  the  Brunhes  (including 
abundant  arenaceous  units)  is  I  14  mm  1.000  yr  liable  2) 
f  herelore.  0  3  mm  1.0*8)  vr  seems  a  more  reasonable  sedimenta¬ 
tion  rate  lor  the  lower  silts  lutite  portion  ol  the  section  than  3  2 
mm  I  (XX)  v  r  w  Inch  is  a  greater  sedimentation  rate  then  that  found 
in  the  generallv  arenaceous  Brunhes  chron 

I  he  sum  ol  the  evidence  slonglv  implies  low  sedimentation  rates 
lor  the  lower  stratigraphic  units  in  the  Arctic  Ocean  in  general  and 


specifically  for  silty  lutites.  l  ow  sedimentation  rates  for  the  lower 
portion  of  the  cores  suggest  adoption  of  the  paleomagnetic 
interpretation  hown  (Fig.  29). 

Average  calculated  sedimentation  rates  lor  various  intervals 
consistent  with  the  interpretation  shown  in  Figure  29  are  listed  in 
Table  2.  1  he  range  of  sedimentation  rates  calculated  lor  the 
Brunhes  is  in  line  with  previously  reported,  nonturbidite 
sedimentation  rates  in  the  Arctic  Ocean  (Hunkins  and  Kutschalc. 
1967:  Ku  and  Broecker.  1967:  Ku  and  Opdyke.  1968:  Steuerwald 
and  others.  1968;  Clark.  1970;  Hunkins  and  others.  ’971)  It  is  clear 
from  Table  2  that  sedimentation  rates  have  fluctuated  during  the 
late  Ceno/oic  in  the  Arctic  Ocean. 

The  paleomagnetic  signature  suggesting  the  age  of  3  32  or  3  40 
m.y.  for  the  Gauss-Gilbert  boundary  was  tested  with  a  further 
extrapolation  of  sedimentation  rates.  The  interval  in  the  cores 
designated  unit  A  includes  the  assumed  Gauss-Gilbert  boundary 
In  addition,  a  lew  cores  have  signatures  that  could  he  interpreted  as 
being  basal  Gilbert  as  well  as  Polarity  Anomaly  5  I  his  interval 
consists  of  silty  lutites.  and  the  sedimentation  rate  ol  0  5  mm  I  .(XX) 
yr.  shown  to  be  reasonably  accurate  lor  the  immediately  overlying 
silty  lutites.  was  applied.  Using  this  sedimentation  rate,  the  calcu¬ 
lated  age  of  the  49  magnetic  signatures  assumed  to  be  Gauss-Gil¬ 
bert  and  Ciilbert  Polarity  Anomaly  5  boundaries  was  consistent 
(Fig  2).  On  this  basis,  the  oldest  part  ol  unit  A  in  cores  224  and  221 
is  interpreted  to  include  sediment  ol  Miocene  age  I  Image  is  tenta¬ 
tive.  and  the  combination  ol  sedimentary  parameters  and  magnetic- 
signatures  is  the  best  present  method  ol  age  determination 

Conclusions.  Interpretation  of  the  oldest  sediment  in  core  FT. 
224  as  being  upper  Miocene  (Fig.  29)  has  major  implications  lor 
interpretation  ol  the  paleoclimatic  history  ol  the  Arctic  Ocean.  An 
angular  pebble.  1.1  x  0.7  cm  (Fig.  .33).  was  found  in  segment  8  ol 
core  FT.  221  ~  14.0  cm  above  flow-in  and  8.5  cm  below  the  base  ol 
the  Gilbert.  T  his  segment  is  in  an  interval  of  normal  polarity 
interpreted  as  Miocene  Polarity  Anomaly  5.  This  age  interpre¬ 
tation  is  supported  by  physical  correlations  with  core  FT  224  and 
others  The  pebble  is  partly  coated  with  what  appears  to  be  a 
ferromanganese  crust.  I  his  coating  is  similar  to  that  on  pebbles 
described  by  Schwar/aeher  and  Hunkins  ( 1961 )  The  pebbles  were 
from  the  surface  of  the  Arctic  Ocean  floor  and  were  interpreted  as 
glacial  erratics 

In  addition  to  the  pebble  in  segment  8.  a  larger  pebble.  16  -  1.15 
cm  (Fig  33)  was  lound  in  dark  brown  flow-in  near  the  base  ol  the 
core  in  the  middle  o!  segment  I  I  Ins  pebble  is  also  coated  with  a 
ferromanganese  crust.  Bot  h  pebbles  are  angular  to  subangular  w  ith 
many  facets  It  is  reasonable  to  assume  that  both  ol  these  pebbles 
are  icc-raltcd.  and  their  presence  suggests  the  existence  ol  some- 
type  ol  ice-ratting  transport  at  the  lime  the  sediment  accumulated 
Extrapolation  ol  the  till  be  r  t  sedimentation  rate  for  IT  221  (which 
IS  0  54  mm  l.(XX)  yr)  Irom  (he  Gilbert  reversal  to  the  pebble  in 
segment  8  resulted  in  an  age  lor  the  deposition  ol  the  pebble  ol  5  26 
m.v.  I  his  value  currently  is  the  oldest  date  lor  the  initiation  ol  ice- 
railing  in  the  Arctic  I  he  pebble  lound  in  llow-in  below  segment  8 
supports  the  idea  ol  even  earlier  icc-ralting 

I  he  age  of  the  oldest  sediment  recovered  Iwhnh  is  in  I  I  224) 
was  calculated  in  a  similar  manner  I  xtrapolation  ol  the  Gilbert 
sedimentation  rate  (0  54  mm  l.(XX)  vr)  lor  l  I  224  Irom  the  Gilbert 
reversal  to  the  sediment  (U't  above  llow-m  segment  6  resulted  in  a 
minimum  age  lor  this  sediment  ol  5  89  rn  v  I  his  value  places  the 
oldest  sediment  in  Miocene  reversed  interval  6  (laBrccque  and 
others.  1977)  (Fig  29).  which  docs  not  correspond  to  the  normal 
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r  igure  33.  ( A )  Pebbles  from  core  FL  221 .  Pebble  A  is  from  unit  A,  segment  8,  top  sample.  Pebble  B  is  from  flow-in,  segment  1 ,  middle  of  the  core.  The 
scale  is  in  centimetres.  (B)  A  portion  of  the  coarse  fraction  (  63  m m)  from  unit  F,  core  FI.  214.  segment  5,  sample  2.  (C)  A  portion  of  the  coarse  fraction  (  63 
jim)  from  unit  A,  core  FL  214,  segment  1,  sample  l.The  black  particles  are  ferromanganese  particles.  For  both  (B)  and  (C)  the  numeral  I  is  2.85  mm  high. 


polarity  magnetic  signatures  ot  this  sediment  I  his  inconsistent-) 
ma>  hast*  resulted  Irom  an  increase  in  sedimentation  rates  in  the 
Miocene  or  Irom  unreliable  paleomagnetics  in  the  bottom  of  core 
H  224  I  he  normal  polarity  magnetic  signatures  suggest  a 
maximum  age  ol  the  oldest  undisturbed  sediment  in  H  224  to  be 
5  h2  m.y  1  his  age  is  the  oldest  reliable  date  tor  m-place  sediment  in 
the  Arctic  Ocean. 

While  we  believe  that  these  age  approximations  are  sound,  we 
concede  that  isotope  data  tor  the  oldest  parts  of  our  cores  would 
make  our  position  more  comfortable.  I  he  Aictic  sediment  has  not 
yielded  such  data  to  date 
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Bottom  photographs  Irom  several  parts  ol  the  central  Arctic 
Ocean  show  two  prominent  features  (I)  primary  sedimentary 
structures  in  a  silty  lutite  matrix  and  (2)  pebble  fields  I  he 
sedimentary  structures,  mostly  trace  fossils,  were  described  and 
interpreted  by  Kttchell  and  others  (|97Ka.  197Kb)  Kitchell  (1979). 
and  Kitchell  and  (  lark  I  19^9)  I  he  conclusion  ot  this  work 
challenges  previous  ideas  concerning  trace  lossils  and  bathymetry 

No  bathymetric  gradient  in  behavioral  complexity  can  he 
interpreted  from  the  Arctic  photographs  (Kitchell  and  <  lark 


1979)  I  hose  traces  identified  m  the  fossil  lecord  to  repiesent 
efficient  foraging  strategies  are  conspicuously  absent  .it  all  depths 
in  the  central  Arctic  In  contrast,  the  efficient  loiagmg  strategies  ot 
the  Strait  s  gioup  were  shown  to  be  present  at  all  depths  m  the 
Antarctic  (Kitchell  and  otneis.  197Kb)  I  hesc  findings  suggest  that, 
despite  the  tiace-fossil  paradigm  that  incieasing  behavioral 
complexity  and  sediment  exploitation  coi relate  with  a  decrease  in 
lood  availability,  the  presence  or  absence  o!  stu face-gra/mg 
organisms  is  mote  important  than  depth  or  nutrient  supply  in 
modifying  sediment  ( race-fossil  patterns  may  be  better 
understood  by  reference  to  lesouree  optinu/ation  theon  and  the 
effect  ot  predation  (Kitchell.  197*/) 

Also  prominent  m  bottom  photos  are  pe  bble  lie  Ids.  inter  preted 
.is  accumulations  of  tec- tatted  dehi  is  t  Sc  liwar  z.k  her  and  11  unk ms 
l9Mt  I /us  conclusion  tv  iri  ti.irmonv  w/tfi  our  own  work 
summarized  in  the  following  pages 
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In  addition  to  photographic  stmlv  ot  smt.ur  trace  fossils  .uni 
pebble  tields.  sever. il  hundred  mu  tops  weie  studied  texlui.illv 
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I  he  surtace  sediment  generally  consists  of  less  than  15'  ;  sand-si/cd 
material.  I  he  remaining  S5  ri  ol  the  surface  sediment  was  studied  to 
determine  the  relative  importance  and  abundance  of  silt-  and  clay- 
si/ed  particles  Some  95  core  tops  were  selected  for  detailed  textural 
analysis  (App.  IB).  I  he  uppermost  5  cm  of  the  cores  was 
considered  to  be  surface  sediment 

I  he  result  ol  this  study  is  a  silt-clay  textural  classification  ol 
glacial-marine  sediment  I  he  samples  were  selected  to  provide  a 
wide  geographic  distribution  representing  glacial-marine  sediment 
in  varying  depositional  environments  in  the  modern  central  Arctic- 
Ocean  f  igure  54  shows  the  geographic  distribution  ol  the  surface- 
sediment  samples  as  well  as  the  bathymetric  configuration  ol  the 
central  Arctic  Basin. 

Sediment  and  (ieomorphic  Structure  of  Study  Area 

I  flirty  -one  ol  the  surf  act- -sediment  samples  were  collected  I  rom 
the  Hanks  ol  the  Alpha  Cordillera  and  its  western  extension,  the 
Mendeleyev  Ridge.  I  he  Alpha  Cordillera  is  a  broad  balhvmetric 
high  that  leaches  its  crest  at  a  depth  ol  I. MM)  ill  below  the  ocean 
xiirlace  ( Himkins  and  Kutschale,  19671  Although  a  lew  persistent 
linear  trends  occur,  most  ol  the  250-  to  X()0-km  width  ol  the  Alpha 
Cordillera  consists  ol  small  discontinuous  ridges  and  small  peaks 


(Hall.  1975).  I  he  sediment  thickness  over  the  Alpha  Cordillera 
measured  by  seismic  reflection  techniques,  is  -500  m  (Hall.  1477) 

I  he  Canada  Abyssal  Plain  and  its  northwestern  extension,  the 
Mendeleyev  Abyssal  Plain,  lie  to  the  south  ol  the  Alpha  Cordillera 
(f  ig  54).  Hunkins  (I96X)  reported  that  this  abyssal  plain  lias  a 
uniform  depth  of  -5.X00  m  and  covers  an  area  ol  almost  255. (KM) 
km’.  At  its  western  boundary,  the  Canada  Abyssal  Plain  impinges 
on  the  steep  slopes  ol  the  Chukchi  Rise  and  the  Northwind 
f-scarpinent  1  he  gradual  slopes  ol  the  Canadian  Continental  Rise 
lorm  the  southern  and  eastern  boundaries.  Hunkins  (I46X)  and 
Hunkins  and  Kutschale  (1967)  have  hypothesized  that  the 
occurrence  ol  more  gradual  slopes  and  shallower  dep.lis  at  the 
eastern  boundary  ol  this  abyssal  plain  indicates  that  the  principal 
source  ol  sediment  is  the  eastern  portion  ol  the  Canadian 
Continental  Shell  Campbell  and  Clark  (1477)  reported  higliet 
lurhidite  concentrations  in  cores  trom  the  southeastern  and 
northeastern  portions  ol  the  abyssal  plain  I  Ins  lurhidite 
concentration  indicates  a  sediment  source  in  the  Canadian 
Archipelago  in  support  ol  the  earlier  theory  ol  Hunkins  (I46X| 
Sediments  in  the  Canada  Abyssal  Plain  dillei  Ironi  those  ol  the 
Alpha  Cordilleia  ill  that  they  have  lower  comentiatiotis  ol 
I  oraminilera  and  are  dark  olive-gray  to  gray  in  color  ( Hunkins  and 
Kutschale.  1967).  More  significantly.  C  ampbell  and  Clatk  (1977) 


Figure  34.  Geomorphic  map  of  a  portion  of  thr  Arctic  Ocean  showing  the  geographic  distribution  of  surface  samples  (that  Is  core  tops)  and  the 
bathymetric  configuration  of  the  central  Arctic  Basin.  Open  circles  represent  locations  of  surface-sediment  samples.  I  orations  of  the  eight  cores  used  in  the 
stratigraphic  analysis  are  Indicated  by  numbered  dosed  circles.  The  water-depth  contour  Interval  in  1 .000  m. 
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concluded  that  well-sorted  sandy  lasers  comprising  as  much  as  27'7 
of  the  sediment  in  some  cores  are  the  product  of  turbidity  currents 
These  deposits  exhibit  better  sorting  than  those  of  the  Alpha 
Cordillera  and  are  deposited  at  higher  rates.  Sedimentation  rates  as 
high  as  8.1  mm  1,000  yr  have  been  calculated  for  some  sites  in  the 
Canada  Abyssal  Plain  (Campbell  and  Clark.  1077).  The  high  rate 
of  sedimentation  has  resulted  in  the  deposition  of  a  2-km  layer  of 
sediment  (Hunkins  and  Kutschale,  1967)  in  the  abyssal  plain, 
compared  to  only  300  m  of  sediment  for  the  Alpha  Cordillera  (Hall. 
1973).  A  total  of  39  sediment  samples  from  the  Canada  Abyssal 
Plain  was  analyzed. 

The  Chukchi  Abyssal  Plain  lies  to  the  west  of  the  Canada 
Abyssal  Plain  It  is  bounded  on  the  west  by  the  Arliss  Plateau  and 
on  the  south  and  east  by  Chukchi  Rise.  The  average  depth  of  this 
abyssal  plain,  which  covers  an  area  of  5,000  km-',  is  ~2.2()()  m 
(Hunkins.  1968)  A  narrow  canyon  called  the  Charlie  Clap  connects 
the  Chukchi  Abyssal  Plain  with  the  northwestern  extremities  of  the 
Canada  Abyssal  Plain.  Hunkins  (1968)  suggested  that  minor 
amounts  of  sediment  may  How  through  the  Charlie  Gap  from  the 
Chukchi  Abyssal  Plain  and  be  deposited  on  the  Canada  Abyssal 
Plain 

Tittle  information  is  available  on  the  sediments  of  the  Chukchi 
Abyssal  Plain.  Their  textural  characteristics  are  assumed  to  be 
similar  to  those  ol  the  Canada  Abyssal  Plain  because  the 
deposilional  environments  of  those  two  regions  are  similar 
Sedimentation  rates  determined  from  seismic  and  paleomagnetic 
data  for  the  Chukchi  Abyssal  Plain  are  ~2  4  mm  1 .000  yr  A  group 
of  13  samples  from  the  northern  edge  of  the  Chukchi  Plain  was 
analyzed 

I  he  remaining  I  I  surface  sediment  samples  were  taken  from 
locations  scattered  on  the  southern  flank  of  the  Vorthw/nd 
Escarpment  and  the  northwestern  boundary  ol  the  Canada  Abyssal 
Plain 

In  addition  to  the  Arctic  Ocean  core-top  samples.  1 7  samples  of 
normal  pelagic  and  hemipelagic  clays,  calcareous  ooze,  and 
siliceous  ooze  from  other  oceans  and  20  samples  ol  continental 
glacial  till  were  analy  zed  Gram-size  distributions  were  determined 
to  contrast  marine,  glacial,  and  glacial-marine  sediment 
characteristics  the  locations  of  these  comparative  samples  arc- 
listed  in  Appendix  1C  and  ID 

Study  consisted  of  sieving  samples  on  a  63-um(  micrometre)  sieve 
for  removal  of  sand  and  larger-sized  particles  and  conducting  an 
electronic  size  analysis  of  the  material  that  passed  through  (he  sieve- 
using  a  I  A  II  Coulter  counter  I  he  Coulter  counter  measured  the 
percentages  ol  particles  in  19  class  intervals  between  0.6.3  and  63 
iim,  or  -  I  I  to  4  phi  Data  Irom  the  Coulter  counter  and  sieve  were 
normalized.  I  he  term  "coarse"  (as  applied  to  particles,  modes, 
distributions,  and  so  forth)  hereafter  refers  to  particles  larger  than 

63  gm  in  diameter 

Silt-Clay  Grain-Si/e  Histograms 

four  tv  pcs  ol  silt  -cl  ;i  v  grain-size  distributions  were  observed  in 
the  histograms  constructed  lor  the  Arctic  ( Kean  surlaee sediments 

Type  I  Sediment.  Sediments  with  vilt-chtv  histograms  having  a 
flat  distribution  overt  he  entire  linc-clav  to  coarse -si  It  range  1 0  64  to 

64  0  <jm)  (tig  35)  are  relcircd  to  a'  tvpe  I  sediment  Ihese 
sediments  are  nonsorted  and  consist  ol  nearly  equal  amounts  ol  silt 
and  liner  material  I  he  amount  ol  line  to  coarse  dav.  hereafter 
referred  to  as  the  dav -sized  traction,  has  a  mean  ol  40  4' ;  hv 


weight,  whereas  the  mean  sill  content  is  46.4'  ,  I  he  mean 
percentage  of  coarse  material  is  14. lor  type  I  sediment 

Type  If  Sediment.  Bimodal  silt-clay  histograms  (f  ig.  36)  arc- 
characteristic  of  type  II  sediments.  I  he  finer  mode  consistently 
occurs  in  the  1 .26-  to  2.52- gm  (medium-  to  coarsc-clay )  range  I  he 
coarse  mode  is  more  variable  in  position,  generally  in  the  6.35-  to 
63. 0-um  (fine-  to  coarse-silt)  range.  Inatew  cases, only  t  he  fine  tail 
of  the  coarse  mode  occurs  in  the  silt-sized  traction,  this  indicates 
that  the  peak  and  coarse  tail  occur  in  the  coarse  fraction  Tor  ty  pc  1 1 
sediment,  the  mean  contents  of  silt-,  clay-,  and  coarse-sized 
particles  are  16.0' ; .  48. I';,  and  35  6', .  respectively  A  gradational 
change  was  noted  between  type  I  and  type  II  sediments  Some- 
poorly  sorted  sediments  show  slight  bimodality .  and  some  bimodal 
sediments  are  poorly  sorted 

Type  III  Sediment.  I  he  third  type  ol  sediment  histogram  (Tig 
37)  exhibits  a  strong  mode  in  the  medium-  to  coarsc-clay  range  with 
a  coarse  tail  extending  through  the  silt  range  In  some  cases,  a 
secondary  mode  is  found  in  the  fine-  to  coarse-silt  range,  which 


Figure  35.  Typical  Arctic  Ocean  type  I  silt-day  (rain-size  histogram 
(sample  17-19-1).  The  percentage  of  grains  with  diameters  greater  than  63 
urn,  that  is,  the  coarse  fraction,  is  represented  by  the  column  labeled 
''Coarse"  at  the  right  side  of  the  histogram.  Mot  that  the  distribution  is 
constant  over  the  entire  fine-clay  to  coarse-silt  (0.63-  to  63.0-um)  range. 
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Figure  36.  Typical  Arctic  Ocean  type  II  silt-clay  grain-sire  histogram 
(sample  10-1-1 ).  Mote  the  bimodal  nature  of  this  histogram.  The  fine  mode 
occurs  in  the  medium-  to  coarse-ctay  (I.J6-  to  2.52-«m)  range.  The  coarse 
mode  is  found  in  the  fine-  to  coarse-silt  (6.35-  to  63-um)  range. 


STRATIGRAPHY  AM)  (.1  AC  IAI  -MARINE  SI  DIMTMS.  (IN  I  RAI  ARC  1 1C  (XT  AN 


suggests  that  type  III  sediments  are  related  to  the  himodal 
sediments  characteristic  of  type  II  The  relative  abundances  of 
coarse-,  silt-,  and  clay-si/ed  particles  tor  type  III  sediments  are 
influenced  by  the  geographic  locations  Irom  which  the  samples 
were  taken  type  III  sediments  of  the  C  anada  Abyssal  Plain  (Pig 
17)  tend  to  have  low  mean  contents  of  coarse  particles  (2.0*7 )  and 
silt  particles  (31 .2*7  >  and  a  high  mean  clay  content  (68.8*7 ).  Alpha 
Cordillera  type  III  sediments  (Fig  38)  have  higher  mean  coarse 
percentages  ( 1 5.2*7  )  and  a  lower  mean  clay  content  (47. 7*7' ).  Type 
III  sediments  ol  the  Chukchi  Abyssal  Plain  tend  to  have  relative 
coarse,  silt,  and  clay  proportions  intermediate  between  those  of  the 
Alpha  Cordillera  and  the  Canada  Abyssal  Plain.  Generally,  tvpe 
III  sediments  have  a  low  mean  coarse  content  and  a  high  mean  clay 
content  in  comparison  to  other  sediment  types. 


Type  IV  Sediment.  Type  IV  sediments  have  a  mode  in  the 
coarse-si/ed  or  coarse-silt  sized  fraction  and  a  fine  tail  extending 
through  the  line-silt  and  coarse-clay  class  intervals  Some  tvpe  IV 
sediments  are  btmodal  with  a  secondary  mode  in  the  medium-  to 
coarse-clay  range  The  geographic  location  ol  samples  shows 
some  inlluence  on  the  relative  proportions  ol  coarse-,  sill-,  and 
clay-si/ed  particles  occurring  in  type  IV  sediment  Samples  Irom 
the  Canada  Abyssal  Plain  (Fig.  39)  tend  to  have  more  silt  and  lew  ei 
coarse  grains  (mean  silt  content  =  74. 6'):  mean  coarse  content 
=  1 1.9*7)  than  do  those  Irom  the  Alpha  Cordillera  (Fig  40)  (mean 
sill  content  -  6.3.6' <:  mean  coarse  content  -  25.7*7 ).  Overall,  tv  pe  IV 
sediments  have  a  high  mean  coarse-silt  content  and  a  low  mean  clav 
content  in  comparison  to  other  sediment  types 


GRAIN  SIZE 

Figure  37.  Silt-clay  grain-size  histogram  representing  a  typical  Canada 
Abyssal  Plain  type  III  sediment  (sample  30-14-1).  Note  the  occurrence  of  a 
mode  in  the  medium-  to  coarse-clay  (1.26-  to  2.52-um)  range  with  a  coarse 
tail  extending  through  the  silt  range.  The  fine  mode  in  type  III  sediments  of 
the  Canada  Abyssal  Plain  is  probably  composed  of  fine  sediments 
associated  with  turbidity-current  deposits. 


A 


T  VDC  111 


GRAIN  SIZE 

Figure  3g.  Typical  type  III  silt-clay  grain  sire  histogram  representing  a 
sediment  sample  from  the  Alpha  Cordillera  (sample  395-16-1).  Comparison 
of  Alpha  Cordillera  and  Canada  Abyssal  Plain  type  III  histograms  revealed 
that  type  III  sediments  from  the  cordillera  have  larger  relative  proportions 
of  siH  and  coarse  material.  Type  III  histograms  representing  Alpha 
Cordillera  sediments  are  assumed  to  indicate  low  influx  rates  for  glacial 
ice-rafted  medium  to  coarse  sill 


GRAIN  SIZE 

Figure  39.  Silt-clay  grain-size  histogram  representing  a  typical  type  |Y 
sediment  from  the  Canada  Abyssal  Plain  (sample  75-9-1 ).  Note  the  presence 
of  a  mode  in  the  coarse-silt  fraction  with  a  fine  tail  extending  through  the 
fine-silt-sized  and  clay-sized  fraction.  The  occurrence  of  the  silt  mode  in 
Canada  Abyssal  Plain  type  IV  sediments  is  believed  to  result  from 
deposition  of  silt  by  turbidity  currents. 
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Figure  49.  Typical  type  IV  silt-clay  histogram  representing  sediment 
from  the  Alpha  Cordillera  (sample  333-29-1).  When  compared  to  (  anada 
Abyssal  Plain  type  IV  histograms.  Alpha  Cordillera  type  IV  histograms 
were  found  to  exhibit  higher  relative  proportions  of  day  and  coarse 
particles.  Type  IV  sediments  of  the  Alpha  (  ordlllera  probably  result  from 
high  rales  of  deposition  of  glacial  Ice-rafted  tilt  and  coarse  material 
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Statistical  Parameters 

The  mean,  standard  deviation  (sorting  coefficient),  and 
skewness  were  calculated  graphically  lor  the0.63-to6.V0-/im  (line- 
clay  to  coarse-silt)  histograms  in  order  to  describe  the  si/e 
distribution  of  the  particles  of  each  Arctic  Ocean  surface-sediment 
sample  I  hese  parameters  should  not  be  considered  representa¬ 
tive  ol  the  entire  sample  because  they  do  not  include  the  coarse 
fraction  or  particles  finer  than  0.63  fx m.  I'hcy  are  useful  lor 
comparisons  between  sediment  types,  however.  I  he  mean  values  of 
each  statistical  parameter  and  the  mean  coarse,  silt,  and  clay 
percentages  typify  ing  each  sediment  type  are  listed  in  I  able  4 

Statistical  tests  were  used  to  evaluate  the  validity  of  this 
classification.  I  he  \  test  was  used  to  determine  the  significance  ot 
differences  in  the  mean  statistical  parameters  of  the  sediment 
ty  pes  at  the  0.95  confidence  level.  The  significance  of  differences  in 
standard  deviations  ol  the  mean  statistical  parameters  was 
determined,  at  the  0  95  confidence  level,  using  the  1  test  l  nless 
otherwise  noted,  differences  described  in  thisdiscussion  were  found 
to  he  significant. 

Skew  ness  coefficients  of  type  1  sediments  are  among  the  highest 
encountered  in  Arctic  Ocean  surface  sediments  these  samples 
deviate  the  most  from  a  symmetrical,  normal  distribution.  Positive 
skewness  usually  indicates  the  presence  ot  a  coarse  tail  in  a 
unintodal  distribution  I  his  is  not  apparent  in  the  histograms  ol 
tvpe  I  sediments  Perhaps  the  silt  distribution  ol  these  sediments 
should  he  thought  ot  .is  a  poorly  sorted  coarse  tail  ol  a  unimodal 
distribution  with  its  mode  in  the  day-si/cd  traction 

fhe  himodal  distributions  of  type  II  yield  a  mean  skewness  ol 
I  2  with  a  standard  deviation  ol  0  3  I  his  mean  value  suggests  that 
the  silt  mode  ot  some  bimodat  histograms  ma\  rcpiescnt  the  coat¬ 
tail  ol  a  predominantly  day-si/cd  sediment 

I  he  mean  grain  si/e  of  tvpe  1  sediment  is  smaller  than  that  ol 
type  II.  which  reflects  the  absence  ol  the  silt  mode  in  tvpe  1 
histograms  I  he  mean  sorting  coefficient  ol  type  II  sediment  is 
somewhat  higher  than  that  ol  tvpe  I  I  he  variability  in  the  si/e 
range  covered  h\  the  silt  mode  hi  the  type  II  histogram  is 


denumslialcd  by  the  gieatei  slandaui  deviation  ol  the  mean  soiling 
coefficient  tor  type  II  sediments 

Regardless  ol  geographic  influences,  type  III  sediments  have 
the  smallest  mean  grain  si/es  ol  the  lour  sediment  tv  pes  |  his  is  a 
result  of  the  high  clay  content  reflected  b\  the  mode  in  the  day- 
si/cd  fraction  ol  type  III  histograms  I  hese  sediments  also  show  the 
best  sorting  ol  all  Arctic  Ocean  surface  samples  I  he  presence  ot  a 
coarse  tail  or  secondary  mode  in  the  silt-si/ed  fraction  gives  these 
samples  high  positive  skewness  values 

Mean  grain  si/es  ol  type  IN  sediments  are  the  hugest 
encountered  lor  Arctic  Ocean  surface  sediments  I  he  coarse  nature 
ol  these  deposits  is  also  reflected  by  the  high  percentage  ol  silt  and 
coarse  sediment  (I  able  4)  Although  tvpe  IN  grain  -m/c 
distributions  show  a  pronounced  silt  mode,  the  sorting  is  poor 
owing  to  the  wide  grain-si/e  range  in  which  this  mode  occurs 
Negative  mean  skewness  coefficients  were  calculated  toi  tvpe  IN 
sediments  ol  the  C  anada  Abyssal  Plain  and  the  Alpha  (  oidillcia 
'Ibis  effect  was  produced  hy  the  presence  ol  a  line  tad  or  sccoiulaiv 
mode  in  the  day  traction  I  v  pc  IN'  sediments  have  mean  skewness 
coefficients  near  zero,  winch  indicates  that  their  gtain-sr/c 
distributions  are  nearly  sy  mmetneal  about  t  he  mean  gram  si/e.  that 
is.  they  approach  a  normal  distribution 

(  onclusions 

four  textural  categories  of  Arctic  Ocean  mu  lace  sediment  aie 
recognizable  (1)  type  I.  sediment  with  a  nonsuited  silt-day 
histogram;  (2)  type  1 1.  sediment  with  a  himodal  silt-dav  histogiam. 
Ml  type  III.  sediment  with  a  strong  mode  in  the  eoaise-i  lav  range, 
and  (4)  tvpe  IN  .  sediment  with  a  strong  mode  m  the  caisc  silt 
range 

KKRKOM  ANC;  ANKSK  MIC  RONODl  IT  S 
Description 

Dark  brown  to  black  let  r omanganesc  imctmiodulcs  an 
common  in  the  sand-si/ed  fraction  of  the  sdiv  lutites  in  the  «oies 
st  ud  le*  I  I  hese  pat  tides  a  ic  It  lable  and  casv  to  i  i  ush  with  t  fie  poml 
of  a  dissecting  needle  I  hcv  occur  in  a  v  ar  u  tv  of  sha  pes  a  ml  gi  ow  i  h 
habits,  but  irregular,  angular  pattidcs  picdomm.ilc  Rounded 
ne.irlv  spherical  shapes  and  doncaled.  smooth  cvhndikal  forms 
are  common  Often  it  is  dear  that  two  p.nlu  les  have  met  get  f  ath  r 
imti.d  sip. nale  aruf  independent  growth  (I  ig  1 1  i  (.limit/  mua. 
ami  other  detntal  giams  as  well  as  whole  ot  1 1  aementcd 
I  oi  «i  m  in  i  lei  a  tests  are  olten  me  nr  po>  ated  mt< »  t  fit  trim  in  an  cam  s> 
pal  t  u  les 

I  er  i  oin.inganesr  mateiial  lornmonlv  speckles  the  Miilati  <d 
I  ofannmlcta  both  benthu  and  plankttmn  amf  in  rn.mv  vase- 
tiu  1  lists  the  vvlnde  test  pebbles  m  the  sediment  an  gtiu  ialh 
wholKoi  patt  |v  voated  w  ith  .i  t  hm  ten  omanganesi.  lavm  S.,  aiming 
deitlon  nmiosiope  phologtaphs  show  tleailv  tin  deUital  grain* 
iru  or  poi  ateil  into  the  I'.nlules  amt  the  ( iiul.i  i  v  nature  i>!  tin 
i oatnics  on  |  oiainindera  tests  ig  41  i 

I  he  ends  of  sev  ei  ,i  I  thin  vUmn  plugs  win.  emu  ml  pole,  hr  d 
arid  studied  in  reflected  light  hut  the  fei  t  om.nig.nn  si  pailnles 

ilisplaved  m»  laminations  Mmkch  paftules  (observ'd  w  ill  tin 

scanning  elet  Iron  nm  lost  «»pel  show  atiumbk  lingula'  hmken 
sml.Hi  hut  no  lavejriie  It  appeals  th.it  th*  s<  parte  f  .in  h-.e,. 


% 


I  igure  41  (  \  )  I  hu  ferromanganese  parlirln  from 
unit  \.  core  f  I  -tMl.srt’mrnt  4.  sample  Ml  W  .  It>7f>  I) 
Scale  bar  represents  60  (.m  Note  nil  I  hr  left  fhr  Ihu 
rough!*  spherical  parlidcs  that  ha«c  coalesced  info  a 
single  particle  and  on  the  right  the  detrital  grams 
incorporated  into  the  ferromanganese  particle  (  B)  (  lose* 
up  of  the  particle  on  the  right  in  I  \  I  Sc  ale  bar  represents 
20  .in  Note  the  detrital  grams  that  ha»e  been 
incorporated  into  the  ferromanganese  particle  if  i 
I  ermmaugancse  part  u  les  I  hat  ha*  e  apparent  I  \  gron  n  mi 
tl»e  test  of  a  I  or  a  minder  a  lf*\  ego  sp  I  rec  osereil  from  unit 
core  I  I  2X1.  segment  H.  sample  t  tl  W  Ih^h  2i 
'scale  bar  represents  10  .  in 
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ui 

aggregates  nt  ten  omangancsc  iiuteini!  ami  scdrmcni.tr  \  pi. nits 
culler  than  internal!}  laminated  nodules 

Sermquant native  elemental  anaKsis  was  pci  bu  rned  on  4N 
ten  omangancsc  particles  I  he  particles  wete  picked  tiom  samples 
ol  units  A.  IT  and  (i  (big.  2)  Irorn  cores  H  221.11  2*.V  and  H 
4*0  \-ia>  spectra  were  recorded  usinp  the  enerp\-dispersi\e.  \ 
ra>  anaKsis  svstem  attached  to  the  scanning  electron  microscope 

Silicon  and  aluminum  generally  are  the  most  abundant 
elements  <  I  ig  42)  This  is  explained  by  the  incorporated  unpin  ities 
in  the  particles  Iron  and  manganese  are  normal!}  the  next  most 
abundant  elements  Iron  is  more  plentiful  than  manganese  in  about 
one-halt  of  the  samples,  and  manganese  is  more  plentiful  than  iron 
in  the  remainder  No  definite  trends  are  apparent  in  the  relame 
abundances  ot  the  two  elements  with  depth  in  the  core  or  between 
cores  Occasional!},  the  electron  beam  would  impinge  upon  puic 
aiithigemc  material,  and  iron  and  manganese  would  he  the  most 
abundant  elements  almost  to  the  exclusion  «>!  others  (i  ig  42) 
Small  amounts  o!  copper  and  nickel  also  arc  present  in  these 
partk  les 

\  ia\  powder  photographs  were  made  m  an  attempt  to  rdentih 
the  iron-manganese  mineral(s)  present  in  these  particles  A  large 


Si 

Mn 


Figure  42  (  4|X-r«*  spectrum  of  atypical  ferromanganese  particle  from 
unit  core  I- 1  221.  segment  top  sample  F  If  mental  peak*  other  than 
manganese  and  iron  are  prohahK  a  result  of  detrital  grain*  incorporated 
into  the  particle.  |B)  Vra>  spectrum  for  a  retail* el*  pure  area  of  one 
ferromanganese  particle  from  unit  A.  core  FI  221.  segment  It.  top  sample 
Manganese  and  iron  are  the  predominant  elements  to  the  near  exclusion  of 
all  other* 
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Interpretation 

An  a  ill  In  gen  ii  oi  igin  loi  these  let  tom. inga  nese  par  t  u  les  is  vug 
gested  b\  a  combination  id  lact'  1  lie  pailu  les  .tie  hagtle  and  h  . 
able  and  it  is  unlikeh  lh.it  flies  would  miimu-  plai;al  m  cmutil 
transport  I  he  coating  on  glaoal  ctiatics  in  the  um  v  as  wv!  a  .mi 
I -oiammitcia  tests  also  is  a  leiiomaiig.iiiese  manual  .tnd  n 
atithigcmc  I  he  non  and  manganese  oxides  investigat'd  tu  Met 
man  (  Hrni  sseie  consuleied  to  he  picupiiates 

It  is  piobahle  that  the  non  and  manganese  .m  m  i hr  n\ul  /.it 
state  1  he  silts  Unites  ate  iniensels  hint  itt  bated  "  In*  Ii  Migg<  sjs  \  fitli 
oxsgen  was  present  in  sullicient  i|uantit\  loi  niimn.nK  m  t.i,  ...jus 
to  ihtise  Because  the  manganese  teacteil  mmiiI.ii  Is  to  imn  oudt '  n 
chemical  icactiotis.  I  lei  man  ( |d'(i»  and  llollman  i  In  Vi  assumed 
that  it  was  m  the  oxidi/ed  state 

Mil  n  kills  amt  oilieis  I  |U**  1 1  repotted  that  t  teal  n  lent  ot  I  lie  ,  o.i  i  si 
li.ution  ol  coic  I  Tn"  |  |  with  lisdiuchliu  u  and  dusuKid  tin 
'‘manganese  nodules"  I  he  leiiomangaiiese  p.utnles  in  H  —  Muds 
resisted  dissolution  in  dilute  11(1 

1  en otnangancse  particles  ate  most  common  m  the  sdt\  Unites 
I  hcN  reach  then  maximum  abundances  in  the  louei  portion  nt  tin 
section  in  unit  \  I  his  disti  i  hut  ion  conti  asfs  with  tin  liiulmes  •>!  I  i 
and  others  (  l%V|  A  cote  that  t lux  studied  Imtu  the  (  aiiada 
\h\ss.d  Plain  showed  an  utegulai  but  geneial  dt\ie.ise  m 
manganese  in  the  sediment  ti  mu  l  Ite  top  to  the  bottom  nl  Hu  mn 
Out  observation  ol  a  trend  Ini  mole  ten  omanganese  paitules  tn 
t  lie  older  sediment  agrees  w  it  Ii  l  tie  Imdmgs  ol  1 1  link  mis  and  others 
(  l*ril  who  observed  ilia!  manganese  nodules  are  i  ousideta h|\ 
mme  abundant  •  n  s«  diluent  ol  M.itii\ama  age  than  flux  aii  n 
sed intent  nt  Hi  nnhes  age  1 1 1  r  mail  i  !  '*  'nt  and  H ct  nun  and  .a  In  j  • 
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accumulation:  (4)  ice-rafting;  (5)  bottom  processes  invoicing 
inorganic  or  organic  activity;  and  (6)  atmospheric  dust 
accumulation  (I  ricson  and  others,  1464;  Clark.  1971,  1974;  Mullen 
and  others.  1972;  Darby  and  others.  1974;  Herman.  1974).  Three 
sediment  types  clearly  dominate  the  upper  Miocene  to  Holocene 
sediments  of  the  Alpha  Cordillera  region:  ( I )  arenaceous  lutites;  (2) 
silty  lutites;  and  (.3)  minor  amounts  of  clastic,  carbonate-rich,  pink- 
white  sediment.  Silty  lutites  comprise  about  KIP';  of  most  sections, 
but  the  arenaceous  lutites  are  more  distinctive  markers  and  contain 
a  higher  percentage  of  erratics  (that  is.  dropstones).  We  believe  that 
the  origin  ol  all  ol  these  units  represents  a  variation  on  a  single 
theme  ice-rafting 

Kvidence  of  Ice-Rafting 

Arenaceous  l  utites.  Figure  33  illustrates  the  poor  sorting, 
coarse  texture,  and  ice-rafted  pebbles  commonly  found  in  the  /ones 
of  arenaceous  lutites.  Several  large  erratics  and  small,  pink-white 
clasts  from  unit  .1  are  illustrated  in  Figure  12.  The  surfaces  of  the 
large  erratics  are  faceted  and  exhibit  striae. 

T  he  vertical  distribution  of  erratics  is  listed  by  unit  in  T  able  I. 
An  increase  in  the  number  of  erratics  per  centimetre  of  section 
occurs  in  units  .1,  1  .  and  M.  These  units  contain  arenaceous  lutite 
/ones  and  pink-white  layers.  In  addition,  the  standard  deviation  of 
unit  thickness  for  units  I  and  M  indicates  a  greater  thickness 
variability  7  his  may  suggest  a  more  sporadic  depositional  history 
for  these  units,  such  as  glacial  ice-rafting  of  a  greater  magnitude. 

The  arenaceous  lutite  in  the  upper  portion  ol  unit  .1  contains 
small,  pink-white  clasts  of  variable  texture  These  clasts  are  pelletal 
in  nature  and  seem  to  be  very  cohesive:  they  also  occur  in  most  of 
the  pink-white  layers  Similar  clasts  were  described  by  Ovenshine 
(1970)  during  a  study  of  recent  iceberg  ratting  in  Glacier  Bay. 
Alaska  He  concluded: 

Small  pellets  ol  poorlv  sorted  sediment  are  abundant  in  Ihe  material  being 
ratted  into  Glacier  Has  and  originallv  torrned  between  clear  ice  crystals  in 
foliation  bands  in  glacier  ice  they  probable  owe  then  coherence  to  the 
stress  undergone  during  glacier  How.  II  present  in  an  am  tent  sequence,  they 
testils  ttnupiels  to  the  nearbs  existence  ol  glaciers  (Osciobine.  I9T(|.  p 
HUI) 

A  good  correlation  exists  between  arenaceous  lutite  /ones and 
pink-white  layers  with  increased  detrital  grains  (Fig  9) 
Fxaminatton  ol  grain  microsurfaces  with  a  scanning  electron 
microscope  reveals  textures  and  features  similar  to  those 
commonly  observed  on  microsurfaces  ol  glaciated  grains  (Krinsley 
anti  Doornkamp  1973)  Several  grainscxhibitingthcsefcaturcsare 
illustrated  in  Figure  43 

A  plot  of  detrital  grains  (lithic  fragments  plus  detrital 
carbonate)  versus  depth  in  core  is  given  in  Figure  9  7  here  is  a  good 
correlation  ol  increase  in  detrital  grains  (lithic  fragments  and 
detrital  carbonate)  with  sandy  lutite  /ones  and  pink-white  layers 
I  ithic  fragments  found  hundreds  ol  kilometres  from  the  nearest 
continental  source  are  probably  ice-rafted  (Goodcll  and  others 
196k) 

Carbonate  maxima  I.  3.  and  7  (Darby.  I97S)  correlate  with 
pink-white  layers  WV  PW2  and  PW  I .  respectoclv  Arenaceous 
lutite  /ones  appear  to  correlate  with  carbonate  maxima  I  and  9 
(Fig  9|  Darbv  interpreted  these  maxima  as  detrital  units  that  were 
derived  Irom  glacial  icebergs  during  periods  ol  increased  glacial 
calving 


Figure  12D  illustrates  the  coarse  fraction  (  63  pm)  tor  the  I’W  I 
layer  in  core  F  I  270.  Poor  sorting  and  faceted  pebbles  common  to 
these  layers  are  well  illustrated  in  this  figure  Most  ol  the  pebbles 
and  large  grains  from  these  units  are  angulai  and  exhibit  facet i ng. 
striae,  and  other  features  indicative  of  glacially  derived  sediments 
(Goodell  and  others.  1968). 

Silly  I. utiles.  The  silty  lutites  consist  ol  (I)  normal  pelagic 
sediments  (slow  accumulation  of  detrital  grains,  atmospheric  dust, 
and  biogenic  components).  (2)  ice-ralted  sediments,  and  (3) 
authigenic  sediments  The  silty  lutites  are  characterized  by  low 
percentages  ol  coarse  sediment  (  -63  pm).  An  average  value  is  V  , 

Ice-rafted  pebbles  are  occasionally  observed  i:i  the  silty  lutites 
However,  the  frequency  is  much  lower  than  that  ol  the  arenaceous 
lutites  (Table  I;  units  I  and  K  are  primarily  silty  lutites  I 
Ferromanganese  particles  are  abundant  in  portions  ol  unit  I  and  all 
of  unit  K.  Apparent  ferromanganese  coatings  or  crusts  are  also 
found  on  detrital  grains  Herman  (1974)  and  H unkins  and  otheis 
( 1971)  also  described  authigenic  manganese  nodules  and  crusts  in 
several  cores  from  the  central  Arctic  Ocean  I  hey  believed  that 
these  particles  form  in  areas  where  the  sedimentation  rates  are 
extremely  low  7  he  silty  lutites  are  primarily  ice- rafted  in  ongin  but 
represent  periods  ol  reduced  ice-rafting 

All  of  these  sediment  types  have  been  defined  stratigraphicalh 
and  exhibit  a  continuous  distribution  across  the  genital  Aictic 
Ocean.  There  is  an  apparent  dichotomy  because  it  might  he 
assumed  that  ice-rafted  sediments  should  exhibit  a  patchy, 
discontinuous  distribution  However,  the  sedimentation  rates 
indicate  that  long  periods  ol  time  are  necessary  loi  the  deposition  ol 
significant  amounts  ol  ice-ralted  detritus  It  seems  apparent  that 
the  drill  of  the  ice  pack  over  long  periods  ol  time,  combined  with 
the  continual  melting  and  release  ol  ice-ralted  detinue  into  the 
water,  would  explain  the  continuous  disti ihution  ol  ice-ralted 
sediments  in  the  central  Arctic  Ocean 

Other  Sedimentary  Processes 

Othei  elastic  sedimentation  ptoccsscs  in  the  ocean  aic 
compared  in  Table  5.  1  he  evidence  supports  the  idea  that  Re¬ 
tailing  has  been  the  dominant  pioeess  ol  cent  i  a  I  Aictic  Ocean 
sedimentation  since  the  late  M  ioccnc  I  his  is  not  a  novel  conclusion 
but  has  been  examined,  in  part,  by  Arctic  woikeis  (I  nexon  and 
others.  1964:  Hunk  ins  and  others.  1971.  Mullen  and  otheis.  Id’?  i 
Studies  of  ice-ralted  sediment  are  lew.  and  it  has  been  concluded 
that  "theic  are  no  generally  accepted,  quantitatively  debited 
characteristics"  lor  ice-ralted  debris  (Goodell  and  otheis.  1968.  p 
47)  For  this  reason,  we  have  considered  othei  possibilities 
Middleton  and  Hampton  (1973)  listed  criteria  loi  distinguishing 
lour  mass-llow  mechanisms  lor  transportation  ol  sands  and 
coarser  sediments  into  deep  water  turbidity  currents.  Iluidi/cd 
sediment  Hows,  grain  Hows,  and  debus  Hows  Houma  and  Hollistci 
(1973)  investigated  the  deposition  of  sediment  bv  deep  ovean 
currents  lhat  produce  contouiites  Haims  ||974|  descnbcd  the 
characteristics  ol  an  unusual  deep-watei  density  ciinent  deposit 
Irom  the  Permian  ol  west  fexas 

fwo  maim  factors  preclude  a  sediment-gravity  -llow  (Middle- 
Ion  and  Hampton.  1973)  interpretation  for  the  arenau  oils  lutites 
(I)  the  widcspiead  latcial  and  veitical  distnbulion  ol  the 
arenaceous  lutites  bom  Ihe  deep  margin  ol  the  (  anada  Basin  to  I  In¬ 
to  p  ol  the  shallow  Alpha  (  ordilleia  and  1 2 1  the  lav  k  ot  am  primal v 
scdimcntaiv  striKluies  «i  gram  onentation  in  the  aienaooiis 
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Hgure  4t  |\|  H  4 'V  (. lariated  quart/  grain  exhibiting  high  relief,  sharp  angular  outline,  ronrhoidal  fractures,  semiparallel  steplike  features, 
featureless  fracture  planes,  and  breakage  blocks  indicate  of  primars  glacial  origin  (bar  equals  20  m.  I  \N  1  e>K 111  | R  t  f  I  (,la<  uteri  quart/ gram 
illustrating  high  relief,  sharp  angular  outline,  large  mnchoidal  fractures.  semiparallel  steplike  features,  and  breakage  blocks  characteristic  >.f  primars 
glacial  origin  <  bar  equals  40  ..  m;  I  W  I  f>81  -2 1.  If  ill  228  (•  lac  uteri  grain  displacing  high  relief,  sharp  angular  outline,  random  striatums,  large  <  otn  boirial 
features,  semiparallel  steplike  fractures,  and  breakage  blocks  suggestive  of  pnmarv  glacial  origin  (bar  equals  40  ,.m  I  VK  IhHI  *i  (Dill  t*l  \  morir-ralelx 
reworked  glacial  grain  Note  impact  pits  prohahlx  due  to  transport  I  his  gram  exhibits  a  high  relief,  sharp  angular  outline,  semiparalli  I  steplike  features, 
and  hreakage  blocks  indie atix e  of  glacial  origin  (bar  equals  40  ..m.  I  ir»Xl  4i 
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Unites  (Table  5).  A  comparison  of  arenaceous  lulite  units  with  the 
Canada  Abyssal  Plain  turbidite  in  Figure  6  (Campbell  and  Clark, 
1977)  clearly  illustrates  the  differences  between  an  Arctic  Ocean 
turbidite  and  arenaceous  lutites  in  this  study.  In  addition,  X- 
radiographs  failed  to  reveal  primary  sedimentary  structures  in  any 
of  the  units. 

The  si/e  sorting  and  abundance  of  primary  sedimentary 
structures  in  contourites  (Bouma  and  Hollister.  197.7)  and  density 
current  deposits  (Harms.  1974)  eliminate  these  deposits  as  possible 
models  for  arenaceous  lutites  in  the  Arctic. 

Table  5  shows  that  features  of  arenaceous  lutites  resemble  the 
expected  features  of  an  ice-rafted  sediment. 

Ice-rafted  deposits  are  generally  believed  to  have  been 
transported  by  icebergs.  Although  criteria,  notably  a  striated  and 
polished  glacial  pavement,  have  been  established  for  recognition  of 
tillites  (Dott.  1961),  no  characteristic  criteria  for  the  identification 
of  ice-rafted  sediments  were  vigorously  defined  (Holmes  and 
(Yeager.  1974).  Dott  (1961)  believed  that  abundant,  widespread 
erratics  were  best  explained  by  ice-rafting. 

Expected  features  of  ice-rafted  sediments  include  poor  sorting 
with  abundant  matrix  and  pebbles,  variable  thicknesses,  and  a  lack 
of  most  primary  sedimentary  structures.  In  addition,  the  presence 
of  abundant  quart/,  chert,  and  lithic  fragments  of  continental 
lithologies  in  the  sand-si/ed  fraction  of  ungraded  beds  several 
thousand  kilometres  from  land  suggests  ice-rafting  transport 
(Goodell  and  others,  1968).  The  clockwise  drift  of  ice  over  the 
western  Arctic  Ocean  ensures  a  widespread  distribution  of  detritus. 

Conclusions 

All  of  the  features  expected  of  ice-rafted  sediment  are 
characteristic  of  arenaceous  lutites  and,  to  a  great  extent,  silty 
lutites  of  the  central  Arctic.  As  indicated,  pebble-sized  erratics  are 
most  abundant  in  the  arenaceous  lutites.  Evidence  that  these 
pebbles  were  ice-rafted  was  summarized  by  Mullen  and  others 
(1972).  Pebbles  reported  in  other  Arctic  Ocean  cores  were  also 
reported  as  being  ice-rafted  (Schwar/acher  and  Hunkins,  1961). 
Ice-rafting  of  sediment  similar  to  the  arenaceous  lutites  occurs 
today  in  the  Arctic  Ocean  (Stoibcr  and  others,  1960;  Hunkins  and 
others.  1969;  Schwar/acher  and  Hunkins.  1961;  Holmes  and 
Creagcr.  1974).  The  sand-sized  fraction  of  the  arenaceous  lutites 
also  resembles  the  sand-sized  fraction  of  sediment  interpreted  as 
ice-rafted  from  other  oceans  (Kent  and  others.  1971). 

Ice-rafting  may  also  explain  the  distribution  of  unit  F  if  the 
existence  of  a  pack  ice  cover  similar  to  the  present  one  is  assumed.  It 
is  possible  that  the  thinning  of  unit  F  northward  toward  the  Alpha 
Cordillera  (Fig.  15)  is  not  a  function  of  decreasing  water  depth  but 
rather  a  result  of  thicker  and  more  rigid  pack  ice  nearer  the  pole. 
Aagaard  and  Coachman  (1975)  reported  that  summer  melting  and 
open  water  are  now  restricted  primarily  to  the  margins  of  the  Arctic 
Ocean  Thicker  and  tighter  ice  would  mean  less  ice  movement  with 
correspondingly  less  subice  deposition  compared  to  areas  of 
thinner,  more  open  ice  (Hunkins  and  others,  1971). 

The  wealth  of  evidence  for  ice-rafting  and  the  lack  of  convincing 
evidence  for  any  other  dcpositional  mechanism  suggest  that  ice¬ 
rafting  was  the  dominant  mechanism  for  deposition  of  the 
arenaceous  lutites  of  this  study. 

The  relative  contributions  of  other  sediment  types  to  the 
arenaceous  lutites  are  small  Ferromanganese  particles  arc  rare  in 
the  arenaceous  lutites  Both  planktonic  and  benthic  Foraminifera 


tests  are  rare.  Unfortunately,  there  is  no  way  to  measure  the  relative 
contribution  to  the  sediment  in  the  Pliocene  and  Pleistocene  of 
normal  pelagic  sedimentation,  including  atmospheric  dust,  even 
though  recent  atmospheric  contributions  have  been  estimated 
(Mullen  and  others,  1972;  Darby  and  others.  1974). 

One  possible  objection  to  the  ice-rafting  hypothesis  is  that  an 
ice-rafted  sediment  might  be  expected  to  have  a  patchy, 
discontinuous  distribution.  In  contrast,  the  distribution  of  the 
arenaceous  lutites  in  this  study  is  regular.  The  argument  that  ice¬ 
rafting  could  explain  this  pattern  is  as  follows.  It  would  have  taken 
~46,000  yr  for  the  deposition  of  unit  F  (average  thickness  of  13.76 
cm)  at  an  assumed  sedimentation  rate  of  3.0  cm  1 .000  yr  Even  if 
the  sedimentation  rale  was  10.0  mm  1,000  yr.  it  would  have  taken 
H4.000  yr  to  deposit  the  arenaceous  lutites  of  unit  F.  It  seems 
probable  that  the  clockwise  circulation  of  rigid  pack  ice  would 
ensure  a  widespread  and  relatively  even  distribution  of  glacial  ice- 
rafted  sediment  averaged  over  several  tens  of  thousands  of  years.  A 
rigid  ice  pack  may  have  even  accentuated  such  a  distribution. 
Bottom  photos  reveal  that  much  of  the  Arctic  Ocean  floor  is 
covered  today  with  glacial  ice-rafted  gravels  (Hunkins  and  others, 
1969;  Schwar/acher  and  Hunkins,  1961). 

We  conclude  that  the  arenaceous  lutite  is  ice-rafted  and  that  the 
silty  lutite  is  best  explained  as  a  combination  of  ice-rafted  material, 
pelagic  sediment,  atmospheric  dust,  benthic  tests,  and  authigenic 
ferromanganese  particles.  For  example,  in  the  upper  portions  of 
unit  G.  planktonic  Foraminifera  tests  are  a  major  component  of  the 
sediment  and  suggest  a  major  pelagic  contribution  to  the  sediment. 
Also,  authigenic  ferromanganese  particles  are  more  abundant  in 
the  silty  lutite. 

Summary 

While  the  conclusion  that  the  bulk  of  the  late  Ocno/oic 
sediment  of  the  central  Arctic  is  of  ice-rafted,  glacial-marine  origin 
appears  convincing,  the  age  of  the  initiation  of  ice-rafting  is  less 
firm.  Poore  and  Berggren  (1974)  concluded  that  “a  major  portion 
of  the  Labrador  Sea  experienced  significant  ice  cover  during  the 
early  l.ate  Pliocene."  Berggren  (1977)  elsewhere  concluded  that  an 
early  Pliocene  elevation  of  the  Isthmus  of  Panama  and  subsequent 
mid-Pliocene  initiation  of  polar  glaciation  and  formation  of  the 
l  abrador  current  preclude  earlier  Arctic  glaciation.  We  conclude 
that  there  is  evidence  in  the  cores  that  initiation  of  the  central  Arctic 
glacial  ice-rafting  preceded  that  of  the  Labrador  Sea  by  at  least  a 
few  million  years.  Our  age  for  initiation  is  actually  a  minimum 
because  ice-rafted  debris  was  accumulating  in  Svalbard  as  early  as 
the  Eocene  (Dalland,  1976) 
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Comparison  of  the  grain-size  histograms  and  statistical 
parameters  of  East  Pacific  Ocean  pclag  .'<■  clays  and  Arctic  Ocean 
clay-rich,  glacial-marine  sediments  (type  III)  indicates  that 
similarities  exist  In  fact,  it  appears  that  the  major  textural 
differences  result  from  the  presence  ol  greater  relative  proportions 
of  silt  in  the  Arctic  Ocean  sediments  The  most  striking  similarity 
between  the  two  clay-rich  sediments  is  the  occurrence  ol  a 
pronounced  fine  mode  in  the  medium-  to  coarse-clay  range  This 
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TABLE  5.  PRINCIPAL  CHARACTERISTICS  OF  SEVEN  DEEP-SEA  DEPOSITS  AND  THE  ARENACEOUS  LUTITES  IN 

THIS  STUDY 


Characterist ic 

Turbidites 

Fluidized 
sediment  flows 

Crain  flows 

Size  sorting 

Moderate  to  poor 

Well?  to  poor 

Well?  to  poor 

Bed  thickness 

Usually  10  to  100  cm 

"Thick",  1.9  ®+ 

"Thick",  1 .9  m+ 

Contacts 

Top  poor,  bottom  sharp 

Sharp 

Sharp 

Grading 

Normal  common 

Normal  rare 

Reverse  In  coarse 

Cross 

laminations 

Common 

Contorted? 

Absent 

Horizontal 

laminations 

Common 

Common,  diffuse 

Common,  diffuse 

Massive  bedding 

Common 

Common,  dish  structure 

Common,  dish  structure 

Crain  fabric 

None  in  massive 

Absent? 

Imbricate  up-flow 

Matrix  (<2y) 

10X  to  202 

Absent-minor 

Absent-minor 

Microfossils 

Common,  intact 

Absent? 

Absent? 

Plant  and 

Common,  well 

skeletal  remains 

preserved 

Absent? 

Absent  ? 

Pebbles 

Intraclasts 

Intraclasts 

Intraclasts 

Scour  or 
load  structures 

Common,  ubiquitous 

Common 

Common 

Lateral  extent 

1  X  105  km2 

100's  km2? 

Local 

Characteristic 

Debris  flows 

Contouritcs 

Density  current 

deposits  (Harms,  1974) 

Size  sorting 

Very  poor 

Well  to  very  well 

Well  to  very  wel I 

Bed  thickness 

"Thick*'  1  nr+ 

<b  cm 

2  cm  to  m 

Contacts 

Sharp 

Sharp 

Sharp 

Grading 

Poor  reverse 

Both 

Very  uncommon 

Cross 

Common  with 

laminations 

Absent 

heavy  minerals 

Common  in  sands 

Horizontal 

laminations 

Not  likely? 

Common 

Common  In  siltstonc 

Massive  bedding 

Common,  dish  structure 

Absent 

Common  in  sands 

Grain  fabric 

Clasts  parallel  bed? 

Parallel  to  bed 

Parallel  bed  in  sands 

Matrix  (<2p) 

Variable 

02  to  92 

Minor 

Microfossils 

Possible? 

Rare,  broken 

Absent  In  silt 

Plant  and 

Rare,  worn. 

Common  In  sands, 

skeletal  remains 

Possible? 

or  broken 

rare  In  slits 

Pebbles 

Common 

Absent 

Common  in  sand 

Scour  or 
load  structures 

Possible? 

Common? 

Common  in  sand 

Lateral  extent 

Local? 

Local? 

100's  km2? 

Characterist ic 

Ice  rafted 

Arenaceous  Jut  lies 

in  this  study 

Size  sorting 

Pm 

>r  to  very 

poo  r 

Ve r  v  poo  r 

Bed  thirkness 

"Th 

In?"  to  "Thick?" 

2 . ')  cm  to  3h.S  cm 

Contacts 

? 

Variable 

Grading 

Possible? 

Absent  or  verv  vague 

Cross 

laminations 

Doubt ful? 

Absent 

Horizontal 

Th  i  n  1  avers 

laminat Ions 

Possible?  Varves? 

and  subunits 

Massive  bedding 

Expected 

Most  common 

Grain  fabric 

Absent? 

Absent 

Matrix 

Abundant 

202  to  402+ 

Microfossils 

Variable 

Verv  rare 

Plant  and 

One  wood  f  ragmen! , 

skeletal  remains 

Both  are  possible 

no  skeletal 

Pebbles 

Common 

Common 

Scour  or 
load  structures 

Absent 

Absent 

l.at  er al  extent 

Extensive? 

1  X  10*’  knA 
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size  range  is  characteristic  of  the  fine  mode  that  is  present  in  the 
histograms  of  the  pelagic  clays,  the  clay-rich  glacial-marine 
sediments  (type  Ill),  and  the  bimodal  glacial-marine  sediments 
(type  II).  A  secondary  mode  in  this  size  range  also  occurs  on  the  fine 
tail  of  some  slightly  bimodal,  nonsorted  type  I  glacial-marine 
sediments. 

The  presence  of  the  fine  mode  in  the  same  grain-size  interval  in 
all  of  the  pelagic  sediments  and  in  the  majority  of  the  glacial-marine 
sediments  that  were  studied  suggests  that  the  deposition  of  clay¬ 
sized  particles  from  suspension  is  similar  for  all  of  the  deep-sea 
sediments  that  were  examined.  This  conclusion,  although 
significant  to  the  understanding  of  glacial-marine  sedimentation,  is 
not  loo  surprising  because  clay  particles,  owing  to  their  minute  size, 
are  the  most  likely  to  be  affected  by  marine  processes  in  the  water 
column  and  are  less  susceptible  to  postdepositional  processes 
(Inman,  1949). 

Ice-rafting  in  the  Arctic  Ocean  releases  pebbles,  sand,  and 
coarse  silt  that  settle  quickly  to  the  sea  floor.  Finer  grains  (clays)  are 
more  likely  to  be  distributed  across  the  ocean  by  marine  transport 
processes  and  mixed  with  normal  pelagic  sediments  entering  the 
basin.  This  accounts  for  the  uniform  deposition  of  the  fine  mode 
that  is  found  in  all  but  a  few  of  the  deep-sea  sediments  that  were 
examined. 

Because  the  clay  distribution  is  consistent  for  all  Arctic  and  East 
Pacific  Ocean  deposits  analyzed,  the  differences  in  the  silt-clay 
grain-size  distribution  of  Arctic  Ocean  glacial-marine  surface- 
sediment  types  must  be  interpreted  as  the  result  of  variations  in  the 
medium-  to  coarse-silt-sized  fraction.  Other  students  have  pointed 
out  the  fact  that  silt-sized  particles  are  susceptible  to  transport  by 
ocean  currents  in  the  water  column  and  arc  the  most  easily  eroded 
from  bottom  sediment  by  traction  currents  (Hjulstrom,  19.19; 
Heezen  and  Hollister,  1964). 

Processes  That  Modify  Silt-Clay  Distributions 

Silt-distribution  variations  in  surface  sediments  can  be 
accounted  for  by  changes  in  the  relative  proportions  of  silt  and  clay 
in  the  original  ice-rafted  sediment,  by  modifications  of  grain-size 
distributions  during  deposition,  and  by  postdepositional  rework¬ 
ing  The  relative  proportions  of  silt  and  clay  transported  by  ice¬ 
rafting  may  differ  for  different  regions  of  the  ocean  basin.  If  it  is 
assumed  that  the  sediment  content  of  glacial  ice  is  not  variable,  the 
grain-size  distribution  must  be  modified  after  the  sediment  is 
released  from  the  ice.  This  modification  could  be  accomplished  by- 
ocean  currents  high  in  the  water  column,  or  sediments  may  be 
reworked  by  sea-floor  currents. 

Reworking  by  Traction  Currents.  Entrainment  of  silt-sized 
particles  by  traction  currents  (bottom  currents  as  opposed  to 
currents  occurring  high  in  the  water  column)  may  be  important  In 
the  Antarctic,  continental  shell  glacial-marine  silt  distributions  in 
shelf  deposits  arc  the  result  of  entrainment  of  silt  particles  by  low- 
intensity  traction  currents  (Anderson  and  others,  1977b;  Barrett. 
1975;  Chriss  and  Frakcs.  1972)  As  bottom-current  intensity 
increases,  very  fine  silt  to  coarse-silt  grains  arc  the  first  size  class  to 
be  mobilized  Erosion  ol  sediments  coarser  than  coarse  silt  requires 
stronger  traction  currents  because  of  the  larger  size  ol  these  grains 
Conversely  ,  the  greater  cohcsivcness  and  lower  bed  roughness  ol 
clay-si/cd  particles  mean  that  day-rich  deposits  also  require  higher 
traction-current  velocities  lor  entrainment  (Inman.  1949) 

Few  measurements  of  Arctic  Ocean  bottom  circulation  have 


been  reported,  but  Hunkinx  and  others  (1969)  measured  traction 
current  velocities  of  4  to 6 cm  son  the  Mendeleyev  Ridge  1  raction 
currents  in  the  Canada  Abyssal  Plain  with  velocities  ol  1.5  to  2  6 
cm,  s  also  were  reported  (Galt.  1967).  Because  so  few  measurements 
have  been  made  in  such  a  large  ocean  basin,  it  is  possible  that  this 
data  does  not  give  a  realistic  picture  of  the  Arctic  Ocean  traction 
current  regime. 

According  to  Hjulstrom's  graph  (1929),  which  related  flow 
velocity  to  erosion  and  transport  of  sediment  grains,  a  traction 
current  with  a  velocity  of  45  to  60  cm  s  would  be  required  to  cause 
entrainment  of  the  medium-  to  coarse-silt  fraction.  This  size  range 
is  represented  by  the  reduced  interval  in  the  bimodal  and  clay-rich 
Arctic  Ocean  surface-sediment  distributions  (types  II  and  III) 
Traction  currents  with  velocities  of  1.5  to  6  cm  s  are  not  strong 
enough  to  entrain  sediment  of  any  diameter  (Hjulstrom.  19.79) 
They  are  capable,  however,  of  preventing  sedimentation  of 
suspended  silt  and  fine  sand.  This  indicates  that  the  Arctic  Ocean 
bottom  currents  described  by  Hunkins  and  others  ( 1969)  and  Galt 
(1967)  are  not  capable  of  entrainment  of  silt-sized  grains  during 
reworking.  These  traction  currents  are  capable  of  redistributing 
coarse  material  before  deposition,  however. 

Several  authors  (Heezen  and  Hollister.  1964;  Chriss  and 
F'rakes,  1972)  suggested  that  the  relationship  between  flow  velocity 
and  entrainment  of  marine  sediment  is  shown  hy  the  graph 
constructed  by  Mavis  and  others  (19.75).  According  to  this 
relationship,  the  flow  velocities  required  for  erosion  of  incohesive 
sediments  decrease  with  progressively  finer  sediment  If  this  curse 
applies  to  Arctic  Ocean  glacial-marine  sediment,  traction-current 
velocities  of  only  4  to  5.S  cm  s  would  be  sufficient  lo  mobilize  the 
medium- to  coarse-silt  modal  classes  missing  from  types  II  and  111 
sediment  (Heezen  and  Hollister.  1964).  Currents  of  (his  intensity 
also  would  entrain  fine  grains,  however  Therefore,  interaction  ol 
traction  currents  with  incohesive  sediments  probably  could  not 
result  in  a  bimodal  distribution  as  found  in  type  II  sediments. 

Also,  the  assumption  made  by  Heezen  and  Hollister  ( 1964)  that 
marine  sediments  are  less  cohesive,  thus  requiring  lower  flow 
velocities  to  cause  erosion,  probably  is  not  true  lor  glacial-marine 
sediment.  Antarctic  glacial-marine  deposits  have  been  classified  as 
compacted  to  overcompactcd  (Anderson  and  others.  1977b;  Fillon. 
1972).  which  suggests  that  they  might  be  more  cohesive  than 
normal  pelagic  sediments.  No  compaction  data  are  available  lor 
Arctic  Ocean  glacial-marine  sediment,  and  the  Antarctic  sediment 
has  been  reworked  by  ground  iee;  therefore,  a  direct  comparison 
probably  is  not  possible 

Anderson  and  others  ( 1977b) and  Barrett  ( 1975) stated  that  the 
action  of  bottom  currents  results  in  stratification  of  continental 
shell  glacial-marine  deposits  Stratification  is  not  common  in 
the  Arctic  sediment  cores  Widespread  erosion  ol  marine  sediment 
probably  should  result  in  the  common  occuricncc  ol  ma|ot  uncon¬ 
formities  in  sediment  cores  (Fillon.  1972)  I  his  is  not  the  case  loi 
the  Arctic  Ocean  cores,  (or  which  only  a  lew  definite  uni onfot mi¬ 
nes  have  been  recognized  (f  ig  2X1  Although  this  evidence  is  not 
conclusive,  it  suggests  that  reworking  is  minor  lot  the  central  Arctic 
sediment 

Reworking  Due  to  Bioturhiition  or  Geochemical  Alteration. 

Fm  Arctic  surface  sediments,  hiotiirbation  may  be  a  factor  in  silt 
redistribution  Although  burrowing  is  not  extensive  in  the 
uppermost  centimetres  ol  the  Arctic  cores,  bottom  photographs 
indicate  that  Imaging  traces  ol  marine  organisms  covet  a 
significant  portion  ol  the  Arctic  Ocean  Horn  (Kitcliell  and  Clark 
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1979).  T  he  effect  of  marine  organisms  on  sediment  silt-clay  results  in  a  bimodal  distribution.  Thus,  the  line  mode  consists  ol  the 

distributions  is  not  well  understood,  although  recent  time-lapse  pelagic  and  glacial  clay  and  fine  silt  that  are  deposited  uniformly 

photography  of  an  Atlantic  site  suggests  that  modification  of  over  the  central  Arctic  Basin.  The  coarse  mode  is  composed  ol 

sediment  is  more  rapid  and  temporary  than  previously  thought  particles  too  large  to  be  distributed  by  currents  higher  in  the  water 

(Paul  and  others.  I97X).  column. 

Barrett  (1975)  demonstrated  that  even  small  amounts  of  Type  III  Sediment.  For  clay-rich,  type  111  sediments,  the 

hornblende  in  unconsolidated  sediment  is  good  evidence  for  no  amount  of  ice-rafted  debris  is  small  in  proportion  to  the  amount  ol 

extensive  geochemical  reworking  of  that  sediment.  This  unstable  clay  being  deposited.  The  fine  mode  dominates  the  distribution, 

mineral  is  present  in  small  amounts  ir  smear  slides  of  the  Arctic  which  suggests  that  the  rate  of  ice-rafted  silt  influx  was  reduced 

sediment.  during  deposition  of  these  sediments.  Another  possibility  is  that  the 

Modification  of  Silt-Clay  Patterns  by  Mid-depth  Oceanic  rate  of  deposition  of  ice-rafted  silt  may  have  remained  the  same,  but 

Currents.  Another  oceanographic  factor  that  may  be  important  to  coarse  material  was  diluted  by  an  increase  in  the  rate  of  deposition 

glacial-marine  sedimentation  is  the  effect  of  currents  that  occur  of  fine-grained  pelagic  sediment.  The  addition  ol  fine  material, 

high  in  the  water  column.  As  with  bottom  currents,  little  diluting  the  coarse-silt  fraction,  results  in  a  histogram  exhibiting  a 

information  is  available  on  Arctic  Ocean  mid-depth  circulation.  mode  in  the  clay  fraction  The  additional  line  sediment  may  be 

Coachman  and  Aagaard  ( 1974)  detected  current  velocities  carving  combined  pelagic  and  glacially  derived  clay  and  line  silt  or  may  be 

between  0  and  5  cm  s  at  depths  of  200  to  900  m  Strong  velocity  sediment  transported  by  turbidity  currents, 

pulses  of  less  than  two  weeks  duration,  reaching  intensities  of  57  Type  IV  Sediment.  Type  IV  sediment  is  the  result  ol  the 

cm  s,  have  been  measured  (Galt.  1967)  I  hese  measurements  deposition  of  a  proportionally  large  amount  ol  medium  to  coarse 

suggest  that  currents  high  in  the  water  column,  capable  of  affecting  silt.  In  some  places,  this  may  result  Irom  the  removal  during 

sedimentation  of  silt-  and  sand-sized  particles,  are  present  in  the  sedimentation  of  fine  particles  or  the  addition  during  sedimenta- 

ccntral  Arctic  Basin  (Hjulstrom,  1939;  Hee/en  and  Hollister.  1964)  lion  of  medium  to  coarse  silt  separated  Irom  type  II  sediment 

but  are  extremely  variable.  If  we  assume  that  the  present  input  of  particles  by  currents  in  the  water  column  A  more  likely 

ice-rafted  sediment  is  constant  and  that  bottom  reworking  does  not  explanation  for  many  type  IV  deposits  ol  the  Canada  Abyssal  Plain 

alter  the  silt-clay  distribution  after  deposition,  then  the  variability  is  that  the  well-sorted  silt  results  from  deposition  at  the  distal  end  ol 
in  position  of  the  coarse  mode  occurring  in  types  II  and  IV  turbidity  currents.  Campbell  and  Clark  ( 1977)  have  discussed  this 

histograms  could  be  caused  by  fluctuations  in  the  intensity  ol  type  of  deposit, 

currents  high  in  the  water  column  that  distribute  silt-si/ed  particles 
This  could  explain  why  the  coarse  mode  ranges  in  position  Summary 
throughout  the  very  fine  silt  to  coarse-silt  ranges  (6.35  to  63.0  pm). 

T  he  bimodal  distribution  characteristic  ol  tv  pc  II  glacial- 
Conclusions  marine  sediment  (and  shown  by  many  samples  ot  type  I  sediment  I 

suggests  that  the  clay-si/ed  to  line-silt-sized  traction  and  the 

I  imited  data  are  available,  but  it  appears  that  mid-depth  medium-  to  coarse-silt-si/ed  fraction  ol  Arctic  Ocean  surface 

currents  are  the  most  likely  factor  in  muddying  grain-si/e  sediments  are  deposited  on  the  sea  floor  hv  slightly  ddletcnt 

distributions  For  this  reason,  the  deposition  of  Arctic  Ocean  mechanisms.  Normal  pelagic  and  glacially  derived  fine  material  are 

glacial-marine  sediment  should  be  viewed  as  a  complex  process  distributed  uniformly  over  much  of  the  central  Arctic  Basin  I  Ins 

dependent  on  ( I )  the  velocity  and  depth  of  currents  in  the  water  distribution  results  in  the  deposition  ot  sediments  that  make  up  the 

column.  (2)  the  original  grain-si/e  distribution  and  time  ol  release  fine  mode  that  is  observed  in  most  Arctic  sea-floor  sediments  and 

of  ice-rafted  sediment.  (3)  the  rate  of  ice-ratting,  and  (4)  the  all  last  Pacific  pelagic  clays  that  were  analyzed  Medium-  to 

bathymetric  configuration  ol  the  basin.  coarse-silt  grains  are  distributed  to  a  lesser  extent  owing  to  then 

II  we  accept  these  variables,  the  lour  types  of  Arctic  Ocean  large  diameters. 

glacial-marine  sediment  in  the  surface  samples  arc  explained  in  Deposition  ol  coarse-silt  grains  is  a  function  ol  several  laetois 

terms  ol  variations  in  the  relative  proportion  ol  ice- railed,  medium-  I  y  pc  I  sediment  is  the  least  al levied  bv  marine  processes,  w  heicas 
to  coarse-silt  that  reaches  the  sea  floor  type  II  sediment  appears  to  have  been  altered  slightlv  hv  marine 

Type  I  Sediment.  The  deposition  ol  normal  pelagic  and  currents  that  removed  the  l.ne-sdl-lraction.  which  resulted  in  a 

glacially  derived  clay  and  fine  silt  (line  mode)  is  considered  bimodal  histogram  lype  III  sediment  results  I  tom  incic.iscs  in  the 

constant  over  the  entire  basin  For  deposition  ol  tv  pc  I  sediment  to  relative  proe  lions  ol  normal  pelagic  and  glacially  del  ived  day 

take  place,  (he  rate  of  input  of  ice-rafted  silt  must  be  high  enough  to  and  line  silt,  and  type  IV  sediment  is  the  result  ol  an  increase  in  the 

reduce  the  proportion  ol  normal,  well-sorted  pelagic  and  glaciallv  relative  proportion  ol  medium  to  coarse  silt  I  he  source  o|  the 

derived  line  material  comprising  the  line  mode  so  that  a  additional  silt  may  be  glacial  ice-rafting  or  lurhuluv  ciinenls 
distribution  exhibiting  little  evidence  ol  sorting  results  1  he  effects  of  the  reworking  of  Arctic  Ocean  sediments  hv 

Type  II  Sediment.  Marine  processes  have  greater  impact  on  bottom  currents  are  believed  to  be  minimal  because  ol  consistentlv 

tvpc  II  deposits  As  the  course-sediment  panicles  tail  ihiough  the  low  current  velocities  reported  for  the  central  Aiclti  Basin  and  the 

water  column,  portions  ot  the  medium  -  to  coarse-silt  size  classes  are  compacted  nature  of  glacial-marine  sediments  I  Ins  conclusion  is 

separated  Irom  the  coarser  silt  and  sand  hv  currents  that  range  in  supported  by  the  variation  in  the  size  classes  included  ill  the  coarse 

intensitv  Some  ol  the  silt  is  distributed  bv  these  currents  arid  may  mode  observed  in  the  silt-clay  distributions  ol  tvpes  II  and  l\ 

be  deposited  with  other  coarse  sediments  to  torm  tv  pe  IN  deposits  sediments  The  lack  of  unconformities  and  ol  stratification  in  the 

I  he  slit  particles  that  are  too  l.uge  to  be  distributed  are  deposited  Arctic  cores  also  suggests  that  traction  currents  do  not  plav  a  maim 

on  the  sea  floor  along  with  pelagic  and  el, malls  derived  class  this  role  in  Arctic  deep-sea  sedimentation 
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COMPARISON  OF  ARCTIC  SEDIMENT  WITH  OTHER 
GLACIAL  AND  NONGI.ACIA1.  SEDIMENT 

Introduction 

The  Arctic  Ocean  textural  categoi  ies  (I  to  IV)  were  compared  to 
non-Arctic  glacial-marine  sediment,  terrestrial  glacial  tills,  and 
deep  ocean  pelagic  clay  to  determine  similarities  and  differences 
Our  purpose  was  to  determine  if  the  Arctic  textural  categories  were 
unique  or  the  same  as  those  developed  in  the  non-Arctic 
environment. 

Non-Arctic  Glacial-Marine  Sediment 

To  provide  comparative  textural  data  Iron)  non-Arctic,  high- 
latitude  seas.  106  samples  of  sediment  described  in  the  Initial 
Reports  <»/  the  Deep  Sea  Drilling  Protect  and  the  core  descriptions 
of  the  IJSNS  Kllunin  as  having  glacial-marine  or  ice-ralted 
origins  were  obtained  (Laughton  and  others,  1972:  lalwani  and 
others.  1976;  Kulm  and  others,  197.3;  brakes,  1971;  (ioodcll.  1965; 
(ioodell.  I96X).  Twenty-one  samples  ol  glacial-marine  sediments 
also  were  obtained  from  Kara  Sea  cores  described  by  Andrew 
(197.7).  Inclusion  of  these  data  makes  it  possible  to  develop  a  more 
generalized  definition  ol  glacial-marine  sediments  and  compare 
depositional  processes  in  Arctic  and  non-Arctic  marine  environ- 
ments 

Sediment  samples  analyzed  in  this  phase  ol  the  research  were 
selected  on  the  basis  ol  information  contained  in  core  descriptions 
supplied  in  the  releiences  listed  above  I  he  criteria  used  to  select 
samples  ol  glacial-marine  sediment  were  poor  soiling,  lack  of 
primary  sedimentary  structures,  presence  ol  clasts  or  "pellets" 
(Ovenshine.  1970).  abundant  coarse  silt  and  sand,  and  the 
occurrence  ol  erratic  pebbles  described  in  the  core  logs  as  being  ot 
glacial  ice-rafted  origin  I  he  geographic  location  ot  the  coring  site 
was  also  considered  Sites  selected  are  near  past  or  present  souices 
ol  glacial  ice.  Samples  were  analyzed  Iron)  nine  cores  (  ores  were 
taken  from  the  North  Atlantic  Ocean.  Gull  ol  Alaska.  Greenland 
Sea.  Weddell  Sea.  Southern  Indian  Ocean.  Ross  Sea.  Belling- 
hausen  Sea.  and  Kara  Sea.  I  he  latitude,  longitude,  depth,  and 
length  ol  each  core  sampled  during  this  part  ol  the  protect  are 
listed  in  Appendix  IE 

I  he  silt-clay  grain-size  histograms  developed  Iron)  these 
samples  showed  three  histogram  tvpes  similar  to  Arctic  Ocean 
sediment  histogram  tvpes  I.  III.  and  IV  Another  histogram  tv pe 
not  lound  in  any  ol  the  Aictic  Ocean  sediments  also  occurs  (Ltg 
44)  I  he  mean  statistical  parameters  and  relative  proportions  ol 
grain-size  fractions  lor  the  non-Arctic  sediment  tvpes  are 
summarized  in  I  able  6  In  this  table,  all  samples  were  grouped 
together  to  provide  statisticallv  significant  numbers  ot  each 
sediment  tvpe  I  his  grouping  id  data  makes  interpretations  ol 
depositional  environments  reptesented  bv  individual  cores 
difficult  However,  the  main  purpose  ol  this  pan  ol  the  prone t  was 
to  obtain  textural  analvses  ot  non-Arctic  sediments  lor 
comparative  purposes  taihei  than  to  interpret  individual  cotes 

Comparison  ol  the  mean  statistical  puiumcteis  (mean  gram 
size,  sorting  cocHicicnt.  and  mean  percent  coarse  partuleslat  the 
0  ')X  confidence  level  indicated  tfi.it  siendic.int  ddlvicnecs  werc 
I  on  nil  between  Arc  tic  Ocean  sediment  t  v  pes  III  and  I  \  and  similni 
histograms  constructed  lor  noil  Arctic  sediments  lor  Arctic  and 
lion  Arctic  tvpe  I  sediments  On  sorting  c  oelln  lents  and  ionise 
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Figure  44.  Typical  silt-clay  grain-size  histogram  (sample  E27-I2, 190  to 
193  cm)  representing  a  possible  firth  sediment  type  found  in  some  non- 
Arctic  cores.  Statistical  tests  revealed  that  histograms  of  this  type  were  not 
significantly  different  from  non-Arctic  type  III  histograms. 


percentages  were  significantly  different  (t  2  21  and  7  32  compared 
to  a  critical  value  nl  I  9X):  however,  mean  grain  sizes  were  not 
significantly  different  (t  1.69).  Overall,  these  statistics  suggest  that 
the  Arctic  and  non-Arctic  type  I  sediments  are  signilicantlv 
dillerent  bin  related 

A  tilth  histogram  ty  pc.  somew  hat  similar  to  A  ret  rc  ty  pc  III.  was 
lound  in  several  non-Arctic  cores  (E27-I2.  I  12-6.  NKIII).  and 
NK  I  15)  Histograms  ol  this  type,  illustrated  in  Figure  44.  exhibit  a 
urnniod.il  distribution.  I  he  mode  is  in  the  3  14-  to  l()0X-gm 
(coarsc-clay  to  fine-silt)  range  Mean  values  ol  mean  giam  size, 
sorting  coefficient,  skewness  coefficient,  and  pciccnt  coarse 
particles  lor  the  possible  fifth  histogram  tvpe  were  lound  to  be 
intermediate  between  those  parameters  describing  non-Aictii 
sediment  types  III  and  IV  Statistical  tests  comparing  the  mean 
parameters  ol  non- Arctic  type  IV  and  the  possible  fifth  sediment 
type  suggest  that  these  two  types  are  signilicantlv  dillerent  I  lus 
was  expected  since  the  possible  filth  tvpe  appeared  to  he  most 
closely  related  to  tvpe  III  histograms  I  he  t  test  values  calcu¬ 
lated  lor  comparisons  ol  sediment  tvpe  III  and  the  possible  tilth 
sediment  tvpe  based  on  mean  grain  size,  sorting  voellinent.  and 
skewness  were  I  9X.  I  07.  and  I  26.  respectively  I  liese  values 
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arc  less  than  the  critical  value  of  2.03,  which  suggests  that  the  two 
sediment  types  arc  not  significantly  different. 

Bimodal  histograms  similar  to  Arctic  Ocean  type  II  silt-clav 
distributions  were  not  observed  in  any  of  the  non-Arctic  sediment 
cores. 

As  a  group,  sill-day  distributions  for  non-Arctic  sediment  lend 
to  have  lower  mean  grain  si/es  than  their  Arctic  counterparts  In 
addition.  non-Arctic  sediments  generally  are  better  sorted  than 
Arctic  sediment  types 

Glacial  Tills 

I  he  comparison  ol  Arctic  glacial-marine  with  nonntarine 
glacial  tills  was  accomplished  by  using  samples  Iront  the  upper 
Pleistocene  (Valders)  tills  collected  in  eastern  Wisconsin.  I  he  ease 
of  sample  collection  motivated  this  choice. 

Most  ol  the  Valders  tills  collected  exhibit  poorly  sorted  grain- 
size  distributions  (big  45:  App  1C  ).  In  many  ol  these  poorly  sorted 
histograms,  a  definite  mode  occurs  in  the  fine-  to  medium-silt  range 
(big  4b)  I  his  ty  pe  of  histogram  has  some  similarities  to  the  grain- 
si/e  distributions  of  both  ty  pe  I  and  type  IV  Arctic  Ocean  sediment 
bxammatinn  ot  the  mean  statistical  parameters  and  coarse,  silt, 
and  clay  mean  percentages  (I able  7)  indicates  that  the  tills  are 
somewhat  similar  to  the  nonsorted  type  I  sediment.  The  significant 
differences  between  the  Valders  till  and  Arctic  type  I  sediment 
probable  are  the  result  ol  higher  contents  ol  silt  and  coarse 
sediment  lor  the  tills 

last  Pacific  Ocean  Pelagic  Clays 

I  he  importance  ol  the  day-  to  silt-si/ed  material  in  the  Arctic 
was  a  factor  in  the  selection  ol  nonglacial.  marine  sediment  lor 
comparison  I  he  bast  Pacific  pelagic  days  were  used  because  ot 
similar  textures 

Samples  ot  pelagic  day  collected  Irom  the  bast  Pacific  Ocean 
exhibit  gratn-si/e  distributions  (big  47 )  and  mean  statistical 
parameters  liable  7)  similar  to  those  tound  tor  Arctic  Ocean 
surface  sediment  type  III  liable  7;  App  ID)  The  last  Pacific 
pelagic  clays  are  characterized  by  a  unimodal  distribution  havinga 
strong  mode  in  the  medium-  to  coarse-day  traction  and  a  coarse 
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Figure  46.  Unimodal  silt-clay  grain-size  histogram  representing  a 
sample  of  silt-rich  glacial  till  of  late  Pleistocene  age  (Valders  till  sample 
Of  I).  This  histogram  Is  similar  to  central  Arctic  Basin  type  IV  histograms. 
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Figure  47.  Typical  unimodal  sill-clay  grain-sire  histogram  representing 
an  bast  Pacific  Ocean  pelagic  day  (sample  Mn74-fl2-l2-2).  Note  the  mode 
in  the  medium-  to  coarse-rlay  (1.26-  to  2.52-iim)  range.  I  his  mode  is  similar 
to  the  fine  mode  described  for  central  Arctic  Basin  sediments  of  types  II  and 

III. 


tail  in  the  silt  range  I  lie  mean  giain  sizes  ol  the  pelagic  clay  and 
type  III  sediments  ot  the  Canada  Abyssal  Plain  ate  similai  1  he 
standard  deviation  ol  the  mean  grain  size  ol  the  pelagic  class  is 
lower,  this  probable  indicates  a  shghtlv  mote  tituloim  deposilional 
pi  occss  In  addition  the  sottmg-c oellic  lent  siandaid  dev  laliotis  ol 
the  two  sediment  types  ate  dilleient  with  the  pelagic  days  being 
less  callable  Die  occimenee  ot  a  pionounccd  mode  in  tile  clay 
traction  ol  both  sediment  types  results  m  similar  mean  skewness 
values 

Discussion 
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Figure  49.  Rectangular  tilt -clay  hiatogram  for  ■  sample  of  nonaorted 
glacial  till  of  late  Pleistocene  age  (Valdera  til)  sample  119).  This  histogram  Is 
similar  to  central  Arctic  Basin  type  I  histograms 


He  combining  data  lor  each  sediment  tv  pc  Irom  all  nine  non 
Arctic  cotes,  general  interpretations  o!  average  Arctic  and  non 
Arctic  sediments  can  be  discussed 


STRATIGRAPHY  AND  GLACIAL- MARINE  SFDIMFN  IS.  (  I  N  I  RAl  ARC  111  0(1 AN 


TABLE  7.  MEAN  STATISTICAL  PARAMETERS  AND  RKLA!  1VE  PROPORT' IONS  OF  CRAIN  S17.K 
FRACTIONS  FOR  SAMPLES  OF  V ALDERS  CLACIAL  TILL  AND  EAST  PACIFIC  OL'EAN  CLAYS 


Mean  Values 

..  , ,  Mean  ..  ^  . 

Sediment  .  Si>rt-  Skew-  ?  7. 

type  ,  I  hr  ness  Coarse  Silt  Clay  N«». 

Size 

Va  l  tiers  till  U.M  I  J .  r>  U.S  17.7  SI.  7 

East  Pacific 
Ocean  pelagic 

i  lav  4.'»  ft.J  U.*i  0.1  10.4 

East  Pacific 
Ocean  hemi- 

pel.iRic  i  lav  h.'»  7.n  l.l  0.7 


Standard  Deviations 


Valders  till  7.S  l.«l  D.  »  13.  1  <».9  4.8 

East  Pat  It  ic 
Ocean  pelagic 

>  lay  0.4  1.1  0.1  0.1  1  . 1  .(> 

East  Pa.  it  It 
Ocean  hemi- 

pel.tgi.  c  lav  O.  J  O.h  <1.0  0.0  7.1  7.1 

I  he  lint-  mode  that  characterized  the  Arctic  Ocean  glacial- 
marine  sediments  and  Fast  Pacific  Ocean  pelagic  days  was  not 
observed  in  other  non-Arctic  histograms  I  his  line  mode  is 
assumed  to  have  resulted  trom  deposition  ol  well-sorted  day  and 
line  silt  In  Arctic  Ocean  sediments,  the  line  mode  is  composed  of 
normal  pelagic  and  glacially  derived  line  particles  that  are 
distributed  uniformly  over  the  enclosed  basin  In  I  asi  Pacific 
Ocean  pelagic  days,  the  line  mode  consists  only  of  pelagic  fine 
sediments. 

A  marked  depth  difference  exists  between  Arctic  and  non- 
Arctic  de  positional  environments  represented  in  the  cores  that  were 
sampled.  With  the  exception  ol  the  Southern  Indian  Ocean. 
Weddell  Sea.  and  North  Atlantic  sites  (F37-7.  I  12-6.  and  DSDP- 
III).  the  non-Arctic  cores  were  collected  from  depths  less  than 
1.500  m  I  he  shallowest  depth  from  which  an  Arctic  Ocean  core 
was  taken  was  -I.KW)  m  I  he  non-Arctic  cores  were  also  collected 
Irom  locations  near  large  sources  ol  glacial  ice  and  may  have  been 
directly  beneath  floating  or  ground  ice  during  glacial  advances 
Comparison  ol  t\pe  III  histograms  icpicscnting  samples  Irom 
the  three  deep-water.  non-Arctic  cores  with  histograms  Itom  I  as! 
Pacific  Ocean  sediment  samples  (I  ig  4X)  ol  possible  hemipdagu 
origin  (Margohs  and  others  1 7 S >  revealed  that  these  sediments 
have  similar  silt-clay  distributions  HemipcTapic  sediments  consist 
ol  varying  proportions  of  pelagic  and  tettestrial  components  A 
complete  discussion  ol  bemiptl.igic  environments  is  given  hv 
Shepard  ( f *4 Vy> )  1  lu1  simil  iritv  ol  I  ust  I’.uilic  Ocean  henupelagic 
clavs  and  tvpv  III  sedirtn  nts  in  I  he  deep-water.  non-Aictic  cotes 
suggests  that  deposition  ol  dav-inh  sediment  in  the  Weddell  Sea. 
Southern  Indian  Ocean,  and  North  Atlantic  Ocean  mav  he 
controlled  hv  hcmipelagic  processes  other  than  glaci.il  icc-ialiing 
I  he  pootlv  sorted.  non-Arctic  tvpe  I  and  Ivpe  IV  sediments 
1 1  Mind  in  the  cores  Irom  the  shallow  -watei .  continental  shell  regions 
of  the  Rose  Sea  Bellinghausen  Sea  Kara  Sea  (treenlurid  Sea.  and 
(  mil  ol  A  lack  a  are  assumed  t,  >  he  ol  ic  e- 1.1  lied  01  non  Andetson  and 
others  have  described  continental  shell  glacial-marine  sedimenta¬ 
tion  in  Antarctica  I  Anderson  19"'?.  An,  Jrison  and  others.  19"”. 1. 
I977h.  Kellogg  and  others.  I9"’9t  I  hese  anthoi  s  i,  c  ogni/ed  three 
tvpes  ol  continental  shell  glacial-marine  sediment  oithoiills 
compound  paratills  and  residual  pnr.it ills  |i  is  important  to 
emphasize  lhat  Iho  c  l.osdtc  ation  svetem  pri,hah|\  applie  s  onlv  In 
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continental  shell  glacial-marine  sedimentation  Deposition  ol 
Arctic  Ocean,  deep-sea  glacial-marine  sediment  is  assumed  to 
occur  in  a  different  manner  because  ol  the  increased  importance  ol 
marine  processes  in  distribution  of  line-grained  glacial  and  pelagic- 
sediment 

Anderson  and  others  ( I977h)  described  compound  paratills  as 
sediments  enriched  in  silt  and  clay  transported  by  marine  currents 
For  the  non-Arctic  continental  shell  glacial-marine  sediments 
compound  paratills  may  he  represented  by  type  III  histograms 
Non-Arctic  type  IV  histograms  may  represent  icsidual  pat  at  ills 
which  Anderson  and  others  ( I977bl  have  described  as  winnowed 
muddy  sands  produced  by  the  removal  ol  sill-sized  particles  hv 
bottom  currents.  Orthotills  are  nonsorted.  nonstratdted  marine 
sediments  derived  directly  Irom  melting  grounded  glacial  tec 
(Anderson.  1977b)  This  original,  unaltered  material  mav  he 
represented  by  non-Arctic  ty  pe  I  histograms 

An  assumption  essential  to  this  classification  scheme  and  to 
much  of  the  literature  on  Antarctic  continental  shell  glacial-marine 
sediment  is  that  the  original  grain-size  distribution  of  ive-tafted 
sediment  is  known  to  be  consistently  nonsorted  and  represented  hv 
the  rectangular  type  I  histogram.  II  glacial  ice  railed  sediment  has 
properties  similar  to  continental  tills,  as  has  been  suggested  hv 
Barrett  (1975),  the  assumption  that  the  original  giam-size 
distributions  of  glacial  sediments  are  uniform  appeals  to  be 
incoi reel.  I  extural  analyses  of  till  (dross and  Moran.  1971.  Drake. 
1971)  indicate  that  areal  and  vet  licit  I  variations  in  till  giam-sizc  dis¬ 
tributions  do  ocent  In  addition,  the  relative  proportions  ol  sand, 
silt,  and  clay  in  tills  show  great  variability  (f  lint.  I947)  In  part,  the 
grain-size  distributions  of  nils  are  determined  by  the  nature  ol  the 
landscape  that  the  glacial  ice  overrides  (dross  and  Mourn.  197  1 1 
f  or  example,  glacial  abrasion  ol  igneous  Icrranc  results  in  tills  uilh 
high  piopoitions  ol  gtavel-  and  sand-sized  particles  Clays  domi¬ 
nate  till  deposited  hv  glaciers  that  erode  shale  and  limestone  (Flint. 
I947)  I  ill  samples  f  10m  easier  n  Wisconsin  I V aiders  till)  exhibited 
variable  silt-clay  distributions,  as  illustiatcd  ill  I  iguies45  and  4t> 

I  he  (act  that  A  let  ic  and  non- A  ret  ic  ts  pe  I  gt  a  m-size  histogi  a  tils  ate 
similar  suggests  that  res! angular  nonsuited  silt -c las  Instogiamsdo 
not  necessarily  icpiescnt  the  giam-size  disinflations  ol  unaltcicd 
glacial  ice  railed  sediment 
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I  if urr  4H.  1  spiral  silt-flu  frain  si/e  histogram  representing  an  n\l 
Pacific  Ocean  hemipelagir  sediment  (sample  Mn74-02  1 3 A- 1|.  This 
histogram  is  similar  In  those  constructed  for  niin-Arrllr  hpr  III  glacial- 
marine  sediment 
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SEDIMENT  MAPS  most  reports  lor  other  oceans  ol  the  world  (lor  instance,  the 

summary  of  Millot.  1970) 

Introduction 

Arctic  Ocean 

Ola>  minerals  in  the  marine  environment  are  the  result  of 

transportation  from  a  terrestrial  source  to  the  ocean  as  well  as  lo  compare  the  kinds  and  distribution  ol  clay  minerals  in  the 

diarenesis  at  sea  and  in  the  sediment  Arctic  Ocean  with  those  ol  other  oceans,  the  upper  lew  centimetres 

('las  minerals  in  marine  sediment  hase  received  considerable  ol  several  hundred  ccnttal  Arctic  cores  were  studied  by  X-ray 

attention  recently  because  ol  the  availability  ol  samples  provided  diffraction.  In  addition,  data  for  the  shallower,  shell  ocean  ol  t It*: 

bv  the  HUonar  Challenger  and  the  Deep  Sea  Drilling  Project  Canadian  Islands  and  Alaska  were  included  (Berry  and  Johns. 

Millot  ( 1970)  summarized  much  of  the  early  work  on  marine  clays  1966;  Naidu  and  others.  1971.  1972.  1974,  I97S)  I  hese  data  have 

and  concluded  that  differential  sedimentation  rates  and  diagenesis  been  compiled  into  a  series  ol  clay -mineral  surface  maps  (Pis  I  to 

may  be  the  most  important  factors  in  explaining  alteration  ol  7)and  a  clastic  percent  map  (PI  X)  lor  the  Amerasiatt  Basin  IIiisis 

terrestrial  material  in  the  marine  environment  (iorhunova  ( 1976)  the  lust  compilation  loi  the  central  Arctic  Ocean 
described  the  distribution  of  clay  minerals  in  the  Pacific  both  Apparent  from  the  maps  ol  kaolinite.  illile.  and  chlorite  (Pis  2 

geographically  and  for  the  Miocene  to  Holocene  interval  She  to  4)  is  that  the  abundance  pattern  is  similar  to  that  ol  most  ol  the 

reported  inverse  changes  in  Miocene  to  Holocene  ntontmorillonite  world's  oceans  All  three  clay  minerals  ate  most  abundant  in  the 

and  chlorite  abundances  and  mapped  the  Pacific  distribution  ol  shallow-shell,  nearshore  aieas  of  the  Alaskan  coast  Chlorite!  PI  4) 

clay  minerals  (iorhunova  showed  that  chlorite  was  concentrated  has  its  greatest  concentration  on  the  shelves  ol  Greenland  and 

along  the  North  American,  Aleutian,  and  Japanese  coasts  and  was  Alaska:  this  probably  reflects  proximity  to  igneous  tertane  Iron) 

absent  in  the  equatorial  Pacific  In  the  North  Pacific,  kaolinite  was  w  Inch  it  was  weathered  I  imited  data  are  available  lor  vermiculitc 

shown  to  be  of  little  significance  These  data  arc  in  harmony  with  and  the  mixed-layered  clays  (Pis  5  to  7).  hut  an  interesting  pattern 


Figure  49.  Orographic  distribution  of  central  Arctic  Ocean  surface  sediment  tvpes  Sample  locations  and  sediment  types  are  indicated  hv  roman 
numerals  Water-depth  contour  interval  equals  I  .DM  m.  1  ype  I  sediment  dominates  the  crest  region  of  the  Alpha  (  ordillera  On  the  southern  flank  of  the 
cordillera,  sediment  types  II  and  III  are  more  abundant 
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along  the  topographically  high  Alpha  Ridge  is  significant  Because 
most  of  the  clay  minerals  were  transported  by  glacial  ice.  a  random 
pattern  might  be  more  easily  explained.  Diagenesis  along  the  Alpha 
Ridge  may  have  been  the  reason  for  the  patterns 

The  clastic  percent  map  (PI.  8)  shows  a  definite  belt  ol  coarse 
material  along  the  Alpha  Ridge.  This  may  be  a  residual  effect  ol 
unaltered  sedimentation,  whereas  the  low  clastic  percent  in  the 
Canadian  Basin  probably  reflects  masking  by  the  distal  (and  finer) 
ends  of  turbidites  (Campbell  and  Clark.  1977)  Alternately,  the 
circulation  pattern  of  the  Arctic  ice  pack  is  such  that  large, 
sediment-laden  icebergs  such  as  T-7  have  consistently  passed  along 
this  route  and  deposited  a  higher  percentage  of  coarse  sediment 
Because  of  the  glacial-marine  nature  of  the  sediment,  the  maps 
are  unique,  and  there  are  no  real  comparisons  Data  Irom  the 
Eurasian  Basin  will  be  of  greatest  comparative  interest. 


GEOGRAPHIC  OISTRIBl  TION  OF  Sl'RKACT: -SEDIMENT 
TYPES  IN  THE  ARC  Tl<  OCEAN 

T  he  geographic  distribution  of  glacial-marine  surface-sediment 
types  (I  to  IV)  in  the  central  Arctic  Basin  is  shown  in  Figure  49 
Sediments  of  types  I  and  II  predominate  in  the  region  of  the  Alpha 
Cordillera  Ihe  occurrence  of  these  sediment  types  indicates  that 
the  input  of  normal  pelagic  sediment  is  relatively  low  and  that  ice- 
rafting  is  the  major  dcpositional  process  contributing  sediment  to 
this  region 

At  the  crest  ol  the  Alpha  Cordillera,  near  the  eastern  boundary 
of  the  central  Arctic  Basin,  type  I  sediments  occur  most  frequently 
At  two  sites  in  this  area,  type  IV  sediments  are  (mind  Deposition  ol 
type  IV  sediment  requires  input  ol  a  large  relative  proportion  ol  silt 
In  the  case  ol  these  two  samples,  the  silt  mode  appears  to  be 
superimposed  on  a  poorly  sorted  sill-clay  distribution  similar  to 
tvpe  I  This  histogram  shape  suggests  that  the  rate  ol  influx  ol  ice- 
ratted  silt  was  high  at  those  two  sites;  thus,  the  medium-  to  coarse¬ 
st!. -si/ed  ‘ruction  diluted  the  pelagic  and  glacially  derived  clay  and 
line  silt  that  is  deposited  more  or  less  tin  formly  over  the  entire 
ocean  basin  Dilution  ol  the  fine  traction  reduces  the  fine  mode  in 
the  silt-clay  histogram  relative  to  the  coarse-silt  traction 
Therefore,  the  coarse  mode,  composed  of  particles  unmodified  by 
marine  currents,  dominates  the  histogram  The  high  rateol  influx 
of  ice-rafted  sediment  on  the  crest  of  the  Alpha  Cordillera, 
suggested  by  the  occurrence  of  sediment  tvpes  I  and  IV.  is  supported 
bv  the  higher  percentages  of  silt  and  coarse  material  showr  lot  this 
area  in  Figures  '0  and  51 

lo  the  west  and  south  of  the  Alpha  Cordillera  crest,  the 
frequency  of  occurrence  of  type  II  sediment  increases,  while  the 
percentages  ol  silt  and  coarse  material  shown  in  f  igures  SOantl  51 
decrease  Ihcsc  trends  suggest  that  the  relative  proportion  ol 
glacial  ice-ratted  silt  is  not  as  great  in  this  area  as  m  the  east  I  arge 
relative  proportions  ol  glacial  icc-ratlcd  silt  mask  the  modification 
ol  sill-dav  distributions  caused  bv  mid-depth  oceanic  currents  A 
del  reasc  in  the  r.ite  ol  input  ol  ico-raltcd  silt  allows  modifications  ol 
silt-clav  distributions  to  become  more  apparent  I  bus  sediments 
with  himodal  histograms  are  observed  more  Ireuuentlv 

A  possible  explanation  lor  the  suggested  higher  rates  of  influx 
of  ice-rafted  silt  and  coarse  sediment  in  the  eastern  pottion  ol  the 
Alpha  Cordillera  mav  be  th.it  t he  present  some e  of  the  icebergs  t hat 
transport  glacial  debris  across  the  central  Arctic  Basin  is  the 


continental  glaciers  of  Greenland  and  Ellesmere  Island  (Schwai- 
/acher  and  Hunkins.  1961)  Since  the  concentration  ol  sediment¬ 
bearing  icebergs  is  likely  to  be  higher  near  the  soutce  ol  glacial  ice. 
the  rate  ol  sedimentation  ol  ice-rafted  debris  might  also  be  expected 
to  increase  near  the  ice  Iron! 

1  he  w  idespread  distribution  of  turbidites  in  t he  sediments  ol  the 
Canada  Abyssal  Plain  (Campbell  and  Clark.  1977 )  may  explain  the 
occurrence  of  sediment  types  III  and  IV  in  this  region  I  in  bid  it  y 
currents  are  responsible  lor  the  deposition  ol  fine-grained  material 
at  high  sedimentation  rates  (Clark.  1970)  I  ype  III  sediments  of  the 
Canada  Abyssal  Plain  have  significantly  lowet  mean  grain  si/es. 
better  sorting,  lower  skewness,  lower  silt  and  coarse  contents,  and 
higher  clay  content  than  those  of  the  Alpha  Cordillera  I  his 
evidence  suggests  that  the  influence  ol  icc-raltcd  silt  input  ol  the 
Canada  Abyssal  Plain  has  been  reduced  by  an  influx  ol  fine¬ 
grained  sediment  associated  with  turbidity  current  deposition 
(Bouma  and  Hollister.  1977).  I  he  rapid  influx  ol  such  line-giamed 
sediment  dilutes  the  ice-rafted  coarse  sediment  and  results  in  a 
type  111  silt-day  distribution  In  addition  to  pelagic  line  material, 
turbidity  currents  also  deposit  layers  ol  well-sorted  silt  on  the 
Canada  Abyssal  Plain  (Campbell  and  Clark.  1977)  I  hese  silt 
layers  are  probably  represented  by  type  I V  histograms  IhctypcIV 
silt-day  distributions  ol  Canada  Abyssal  Plain  sediments  show 
better  sorting  than  those  ol  the  Alpha  Cordillera  and  thus  relict l 
dilution  ol  icc-raltcd  sediment  and  pelagic  class  caused  bv  high 
rates  ol  input  ol  turbidite  silt 

The  type  III  sediments  that  predominate  in  the  Chukchi 
Aby  ssal  Plain  Arliss  Plateau  area  have  mean  statistical  parameleis 
and  relative  proportions  of  coarse-,  silt-,  and  clay-si/ed  panicles 
intet mediate  between  those  of  the  Canada  Abyssal  Plain  and  the 
Alpha  Cordillera  I  hese  characteristics  may  indicate  dilution  ol  ice- 
rafted  coarse  silt  by  influx  of  line  silt  and  day  earned  bv  turbidity 
currents  originating  on  the  Chukchi  Shell  Ihe  eflccts  ol  dilution 
by  line  turbidite  material  on  the  Chukchi  Abyssal  Plain  do  not 
seem  to  be  as  great  as  lot  the  Canada  Abyssal  Plain  Chukchi 
Abyssal  Plain  tvpe  III  sediments  are  coarset  and  less  well  sotted 
than  their  Canada  Abyssal  Plain  counterparts  Pethaps  the  input 
rate  ol  ice-rafted  coarse  silt  is  greater  or  the  rate  of  turbidite 
deposition  is  lower  on  the  Chukchi  Abyssal  Plain  I  he  presence  ol 
type  II  (himodal)  sediment  in  this  bathymetric  ptovincc  suggests 
that  deposition  of  ice-rafted  medium  to  coarse  silt  modified  bv 
currents  m  the  water  column  may  be  locally  heavy  in  relation  to  the 
proportion  ol  day-  and  fine-silt  si/ed  turbidite 

Ihe  ma|or  influence  of  surface  cutients  on  glacial-mantle 
sedimentation  is  through  the  dispersal  ol  sediment-laden  icehctgs 
Movement  of  the  Arctic  ice  pack  and  accompany  mg  glacial  bcigs  is 
largely  determined  by  surface  circulation  patterns  I  he  widespread 
occurrence  ol  sediment  tvpes  I  and  II  and  high  percentages  ol  silt 
and  coarse  grains  suggest  that  surface  circulation  patterns  disperse 
icc-raltcd  sediment  to  all  areas  o(  the  centtal  Alctn  Basin  I  he 
presence  of  tvpe  II  sediment  suggests  that  mid-depth  cutients 
modify  the  silt-clav  distributions  of  sediment  settling  thmugli  the 
water  column  I  Ins  sediment  tvpe  is  assumed  to  he  at  sites  where 
the  rale  ol  influx  of  glaual  ice  rafted  silt  is  low  enough  to  allow  the 
el  lev  Is  ol  weak  or  f  1  lie  mating  mid -dept  li  i  in  rents  to  he  not  tv  cable 
Although  these  mid-depth  oceanic  unreins  undoubtedly  wllcvt 
sedimentation,  as  do  surface  currents  no  systematic  variation  in 
the  geographic  distribution  of  sediment  types  van  hi  illicitly 
explained  in  terms  of  ocean  c  ire  illation  as  dese  r  ihed  bv  <  oac  liman 
and  Aagaard  I  1 974 r  and  Hunkins  and  others  (I9r*qi 
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Kijjurf  50.  (.eographic  variation  in  the  relative  proportion  of  coarse  sediment.  Sample  locations  are  indicated  by  closed  circles.  Wafer-depth  contour 
interval  equals  1.000  m.  Contour  interval  for  the  coarse  percentage  equals  5r/r.  The  percentage  of  coarse-si/ed  particles  decreases  to  the  nest  and  south  of  the 
crest  of  the  Alpha  Cordillera. 


I  .ATE  CI.NO/OK  MTIfOSTRATKiRAPIIIC  l  NITS  ANI) 
CiLAC  IAI.-MARINK.  SEDIMENT  TYPES 

Introduction 

lo  compare  modern  glacial-marine  sediment  with  sediment  of 
stratigraphr  units  A  to  M.  gram  si/e  distributions  were  determined 
tor  191  samples  from  eight  1-1  cores  The  cores  used  in  this  phase  of 
the  protect  were  selected  to  provide  representative  coverage  of  the 
120.000-km’  area  over  which  the  lithostratigraphic  units  are 
recognized. 

Seven  of  the  cores  used  in  this  phase  of  the  research  were  taken 
from  the  crest  and  southern  flank  of  the  Alpha  Cordillera  in  water 
depths  ranging  from  I.H60  to  1.2X0  m  the  eighth  core  was  taken 
from  the  northern  slope  of  the  Chukchi  Rise  at  a  depth  of  1.041  m 
(  ores  from  the  Alpha  Cordillera  Chukchi  Rise  region  were  select¬ 
ed  because  the  lithostratigraphic  framework  applies  best  to  the 
area 

I  wo  basic  lithologies  from  the  cores  included  si  It  \  lutites  in 
units  A  B  |).  f  .  (i.I.K.  and  M  and  arenaceous  Unites  in  units  (  .  I 


L. 


H.  and  .1  Silty  lutites  are  characterized  by  low  percentages  ot 
coarse  material,  abundant  aiithigenic  ferromanganese  panicles, 
relatively  high  abundances  ol  t  orammitcra  tests,  and  extensive 
burrowing  Alow  mean  sedimentation  rate  of  0  5  mm  1 .000  w  was 
calculated  lor  these  units  Sediments  of  textural  txpes  11  and  111 
occur  most  frequentlv  in  silt \  luiite  units 

Arenaceous  lutites  typically  have  higher  percentages  ot  coarse 
material,  have  fewer  I  oramimfcra  tests  and  ferromanganese  parti-  y 

cles,  and  are  less  extensively  hummed  I  he  average  sedimentation 
rate  ol  arenaceous  lutite  layers  is  about  10  mm  l.000\t  Sediment 
iv pcs  I  and  IV  occur  most  frequentlv  in  these  imus 

Ml  of  the  sediment  tv  pcs  described  from  surla.  v  samples  huiii 
at  depth  m  the  Arctic  cores  as  well  Mean  values  ol  the  statistual 
parameters  and  relative  proportions  of  grain  si/e  liaiimns  1m  the 
down-core  sediment  tv  pcs  are  summarized  in  I  able  X  (  ompan- 
sons  ol  the  mean  values  lor  snrtmr  coefficient.  percent  i  oar  si-  paiti 
clcs.  and  mean  grain  si/e  were  made  between  down  core  and  mr 
face  sediment  tv  pcs  at  t  he  0  9^  emit  idem  e  level  I  hts  i  mnpauson 
shows  that  signr!  k  ant  d  it  let  ernes  do  not  <  »c  i  in  hetw  »en  down  our 
and  surface  sediments  ol  tvpes  1  II  and  111  on  the  Alpha  (  mdil 
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Figure  51.  Geographic  variation  in  the  relative  proportion  of  silt-sized  particles.  Sample  locations  are  indicated  by  closed  circles.  Water-depth  contour 
interval  equals  1,000  m.  Contour  interval  for  the  silt  percentage  equals  \0c/f.  The  percentage  of  silt-sired  particles  decreases  to  the  west  and  south  of  the 
Alpha  Cordillera  crest. 


lera  Significant  differences  in  the  mean  Stirling  coefficients  anti 
mean  gram  si/es  of  down-core  anti  I  ype  IV  surface  sediment  were 
suggested  b>  the  i  test  1  best*  differences  probably  relied  sampling 
error  due  to  the  small  number  (2)  of  type  IV  surface  samples  on  the 
Alpha  Cordillera  and  arc  probably  not  indicative  of  a  dual  differ  - 
ences  in  the  textural  characteristic  of  type  IV  sediments 

Stratigraphic  Distribution  of  Sediment  lypes 

I  he  relative  proportions  ol  the  four  sediment  tvpes  m  each  ol 
the  1.1  stratigraphic  units  are  shown  in  table  9  Although  none  ol 
the  units  are  c  ha  rac  ter  i/ctf  bv  a  single  sediment  fype.  genera/  trends 
allow  interpretations  regarding  the  depositional  environments 
r  presented  bv  the  units 

f  he  most  common  sediment  in  the  cores  is  type  I  I  ho  is  the 
most  abundant  in  9  <>t  the  I  l  stratigraphic  units 

lor  units  A.  (  .  I  ,  I  H.  and  .1.  sediment  tvpes  I  and  l\  are 
dominant  With  the  exception  ol  units  A  and  1  .  these  units  are 
arenaceous  lutifrs  I  he  suggestion  that  arenaceous  lutites  represent 
periods  ot  increased  glacial  ice-rafting  is  supported  h\  the 


dominance  ol  type  I  and  type  IV  sediments  that  are  believed  to 
result  from  relatively  higher  influx  rates  of  ice-ralted.  medium  to 
coarse  silt 

I  nits  A  and  I  are  somewhat  anomalous  since  thev  ate 
predominantly  silty  lutite  units  dominated  hs  sediment  tvpes  |  and 
IV  I  he  occurrence  of  sediments  representing  high  influx  rates  for 
ice-rafted  coarse  silt  in  stratigraphic  units  assumed  to  represent 
periods  ot  reduced  glacial  ice  rafting  seems  contradictor v  fins 
may  be  the  result  of  the  thin  arenaceous  luf tics  in  units  A  and  I  In 
fact,  unit  I  commonly  is  arenaceous  m  its  upper  pa  it 

I  he  si  It  \  lutite  units.  R.  (  .  (i.  and  !.  are  dominated  bv  tvpe  1 
sediments  m  combination  with  nther  type  J1  or  t\pe  III  sediment 
I  he  absence  ol  silt  in  tv  pc  1 1 1  histograms  implies  a  low  rate  of  input 
ol  ice-ralted  silt  I  he  combination  of  sediment  txpes  I  and  111  in 
units  |)  and  I  suggests  that  input  tales  ol  ice  rafted  sediment 
gencrallv  were  lower  during  deposition  ol  these  units 

In  unit**  R  and  (».  sediment  tvpes  I  and  II  ate  dominant  I  hi 
presence  of  tv  pc  1  sediments  in  t  best-  units  implies  t  hat  u  e-rafting  ol 
silt  was  the  ma|ot  depositional  process  Hu  presence  ol  lvp<  II 
sediment  suggests  that  mid-depth  ocean  currents  with  intensities 
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TABLE  8.  ARCTIC  OCEAN  DOWN-CORF.  SEDIMENT  TVPES;  MEAN 
PARAMETERS  AND  RELATIVE  PROPORTIONS  OF  CRAIN  SIZE 

STATISTICAL 
FRACT IONS 

Sed  Iment 

t  Vpt* 

Mean 

grain 

size 

Sort¬ 

ing 

Mean  Values 

Skew-  X 

ness  Coarse 

X 

Silt 

Clay 

No . 

I 

11.7 

11.2 

1.2 

13.8 

SI  .2 

3S.1 

79 

II 

I  3.0 

14.8 

1.2 

!  3.8 

SO.  2 

38.  3 

42 

I  I  I 

8.9 

11.9 

1.2 

12.4 

41  .  3 

48.2 

3S 

IV 

18.1 

14.7 

0.7 

t8.8 

S9.0 

24.2 

IS 

Standard  Deviations 

I 

2.0 

2.0 

0.  1 

7.  3 

S.  1 

s.s 

I  I 

2 .  4 

2.1 

0.2 

8.  7 

s .  s 

S.H 

III 

1.7 

2 . 2 

<1.1 

8.1 

S.H 

8.  1 

IV 

.’.9 

1.8 

0.  i 

8.8 

7.3 

S.U 

... 

{ABLE 

4. 

RELATIVE  PROPORTION 

OK  EACH  ARCTIC  OCEAN  GIACIAL- 

MAR  INK  SEDIMENT 

TYPE  IN 

EACH  STRATIGRAPHIC 

CN  IT 

nit 

Tvpe  1 

Tvpe  I 

X  Tvpe  1  I  1 

?  Tvpe  IV 

A 

♦  7.8 

U.j 

14.2 

7  1.x 

B 

88 . 8 

11  .1 

00.0 

D 

SO.O 

11.8 

12.1 

22.7 

1 2 .  S 

1  1.8 

E 

70.0 

00. 0 

10.0 

70.0 

K 

tS.  J 

00.0 

00.0 

41.8 

IX.  1 

IX.  1 

9.  S 

14.1 

H 

4  1.8 

IX. 8 

00. 0 

17.  S 

I 

42.  ! 

IS .  X 

28.  1 

1S.X 

1 

,X.  H 

!  1  .X 

S ,  9 

2  3.S 

E 

21  .4 

V».  7 

47 

00.0 

I 

8.2 

17.S 

7  S .  0 

11  .7 

M 

1 1  .X 

4  7.0 

IS.  7 

i.M 

great  enough  to  distribute  medium  to  coarse  silt  placed  .1  role 
Perhaps  the  Arctic  Ocean  ice  pack  was  (Inn  while  units  H  and  (i 
were  being  deposited:  this  would  allow  high  rates  ol  ice-ratting 
and  increased  wind-driven  current  velocities  l  oi  unit  (I  this 
hypothesis  is  supported  hv  the  occurrence  ol  abundant 
I  nraminilcru  tests  that  ma\  also  indicate  thin  ice  cover 

I  nits  K.  I  .  and  M  are  unusual  in  that  they  have  the  lowest 
relative  proportions  ol  tv  pc  I  sediment  Pints  K  and  M  are 
dominated  he  sediment  tvpes  II  and  III  I  lie  picscncc  ol  tepe  III 
sediment  stij! jsests  that  inline  rates  lot  icc-raltcd  silt  were  low 
Relatively  high  mid-depth  cmrent  velocities  are  suggested  he  the 
oecurrence  ol  tvpe  II  sediment  II  the  Arctic  ice  pack  was  thin 
during  deposition  ol  these  units,  which  would  allow  wuid-dtivcn 
circulation'  **-  tv  to  increase,  an  increase  in  the  late  ol  ice-ralted 
sediment  mli.,  light  also  be  expected  I  lie  presence  ol  tvpe  III 
sediment  and  absence  ol  sediment  tvpes  I  and  IV  suggest  that  this 
was  not  the  case  An  alternate  explanation  is  th.it  the  Inch  tclalive 
proportion  ol  ice-r.ilteil  medium  to  c  oarse  sill  that  occ  uts  in  inane 
Arctic  sediment  units  masks  the  cllccts  ol  mid  depth  laments 
diluting  tvpe  II  deposits  lor  units  K  and  M  lowet  rales  ol  ice 
tailed  silt  iilthix  occurred  as  indicated  bv  sediment  tvpe  III.  this 
reduced  the  masking  elted  and  made  modifications  ol  silt  c  lav 
distributions  mote  apparent 

Sediment  tvpes  l\  and  II  dominate  unit  I  I  liese  sediment 
tvpes  indicate  a  Inch  rate  ol  uc-t. tiled  sill  intlnx  and  modiluatioii 
ol  ice  failed  silt  distributions  I  mil  is  siimlat  to  111111-  B  and  <1  in 


that  the  occurrence  ol  dominant  sedintenl  tvpes  max  be  explained 
by  high  rates  ol  ice-raltinj;  and  high  wind-driven  ocean  cur  lent 
intensity,  made  possible  by  a  thin,  less  rigid  Aictic  ice  pack  In  this 
unit,  high  influx  rates  ol  icc-raltcd  coarse  material  are  also 
indicated  hy  abundant  coarse  grainsand  lithic  Iragmcnts  I  hut  ice 
cover  is  also  suggested  by  the  many  burrows  Idled  with 
l  oiannnilera-rich  silty  lutite  indicating  high  biologic  producliv  ilv 

Discussion 

The  relationships  between  glacial,  oceanic,  and  biologic 
processes  and  glacial-marine  deposition  are  complex  On  the  Alpha 
Cordillera,  silty  Unites  arc  dominated  by  textural  types  II  and  III 
Type  II  sediments  represent  relatively  low  rates  ol  ice-rafted  silt 
inllux.  whereas  the  lowest  rates  ol  influx  lot  ice-ralted  medium  to 
coarse  silt  result  in  deposition  ol  type  III  sediment  In  some  silty 
lutites.  however,  glacial-marine  sediment  types  I  and  IV  occur  and 
indicate  moderate  to  high  influx  rates  lor  ice-rafted  silt.  Hie 
presence  of  sediment  types  I  and  IV  in  some  silty  lutites.  along  with 
ice-ralted  pebbles  and  sand  and  abundant  i  oramintlera  tests, 
suggests  that  a  relationship  exists  between  loraminilera 
productivity  and  rates  of  ice-rafting.  Several  authors  ( Hunk  ins  and 
others.  1971;  Herman  and  O'Neil.  19751  suggested  that  a  thinner, 
less  rigid  Arctic  Ocean  ice  pack  might  allow  a  more  rapid  dispersal 
ol  sediment-bearing  icebergs  across  the  ocean  and  result  111  higher 
rates  ol  ice-rafted  sediment  deposition  thinner  ice  might  also 
allow  deeper  penetration  ol  sunlight  into  the  ocean  watet .  (exulting 
in  greater  l  oraminilera  productivity  (Clark.  1971) 

for  the  arenaceous  lutites,  which  are  believed  to  indicate 
periods  ol  increased  ice-rafting. sediment  types  I  and  IV  dominate, 
and  l  oraminilera  abundances  are  low  I  his  may  indicate  that  high 
rates  ol  glacial  ice  railing  occut  when  ice  covet  is  thick,  which 
results  in  low  l  oraminilera  productivity  Another  poxxibilitv  is 
that  I'oraminilcia  productivity  was  high  (thin  ice  I  hut  tests  were 
dissolved  alter  deposition  bv  bottom  waters  undcrsatuiated  with 
respect  to  calcium  carbonate  (llunkins  and  others,  197 1 .  Herman 
and  O’Neil.  1975).  A  thud  possibility  is  that  high  rates  ol  glacial 
ice  railed  sediment  inllux  in  the  Aictic  Ocean  insulted  ill  dilution 
ol  loraminilera  tests  bv  laige  relative  propoitions  ol  coat  sc 
sediment 


GfOORAPHK  D1STR1BI  TION  Of  SFDIMfM  lYI’FS  IN 
STRATIORAPIIK  l  NITS  A  I  HROI  (,||  M 

Discussion 

I  he  geographic  distributions  ol  the  dominant  sediment  iv  pcs  in 
the  1 1  stratigraphic  units  ale  illiistiatcd  111  I  iguies  V  Ihtoiieli  M 
Dominant  sediment  is  pcs  wete  established  through  selection  ol  the 
tvpe  01  pan  ol  tvpes  having  the  highest  iclauve  abundances 
observed  lor  each  unit  in  each  core 

I  he  Alpha  (  old  1  llera  el  est  an  a  is  dominated  hv  1  v  pi  I  sediment 
in  units  A.  H.  (  .  I  I  I  and  I  Onasion.il  m 1  11 1  lent cs , ,|  sediment 
tvpes  II  III  and  IV  tti'fc  tmmd  Imwcvcf  |  he  donunanee  nf  i\  pi  I 
'■fill mi' lit  lonlimicv  on  thi*  Noutlifui  flank  of  the  midillera  .1  n«1  nn 
the  mu  them  flank  of  the  <  hukv  I11  R  m  \\  idespti  ad  dominant  1  <•! 
t\pe  I  M'dinient  su^pi  Nfs  Unit  modeialr  fate'*  .'1  plai  i.tl  u  e  ulinl 
medium-  In  enar-t  sdt  influx  on  tiunf  met  t  fit  entire  vtmh  an.i 
(llirinp  deposition  of  these  mills  Briansr  ti\r  nf  thesi  s« 
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Figure  52.  Geographic  distribution  of  dominant  glacial-marine  Figure  55.  Geographic  distribution  of  dominant  sediment  types  in 

sediment  types  in  lithostratigraphic  unit  A.  The  locations  of  the  eight  cores  lithostratigraphic  unit  1  .  I  nit  F  is  primarily  an  arenaceous  lutite  layer, 
used  in  the  stratigraphic  analysis  are  indicated  by  closed  circles.  Roman 
numerals  at  each  location  indicate  the  dominant  sediment  type  or  pair  of 
Is  pes.  The  numbers  accompanying  the  roman  numerals  indicate  the  relalis  e 
abundance  (percent)  of  the  dominant  sediment  types.  I  nit  A  is  primarily  a 
silty  lutite  layer. 


Figure  53.  Geographic  distribution  of  dominant  sediment  types  in  Figure  56.  Geographic  distribution  of  dominant  sediment  types  in 

lithostratigraphic  unit  D.  1  nit  I)  is  primarily  a  silty  lutite  layer.  lithostratigraphic  unit  G.  (  nit  G  is  primarily  a  silty  lutite  layer. 


Hgurr  54.  Geographic  distribution  of  dominant  sediment  tspes  in  Figure  *7.  Geographic  distribution  of  dominant  sediment  tsprs  in 

lithostratigraphic  unit  F .  t  nit  F  is  primarily  a  silts  lutite  laser.  lithostratigraphic  unit  II  I  nil  II  is  primarils  an  arenaceous  lutite  laser 


Figure  58.  Geographic  distribution  of  dominant  sediment  types  in  Figure  61.  (Geographic  distribution  of  dominant  sediment  types  in 

lithostratigraphic  unit  I.  I  nit  I  is  primarily  a  silty  lutite  layer.  lithostratigraphic  unit  !  .  I  nit  I.  is  primarily  a  silty  lutitr  layer. 
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Figure  59.  (Geographic  distribution  of  dominant  sediment  types  in 
lithostratigraphic  unit  J.  ('nit  J  is  primarily  an  arenaceous  lutite  layer. 
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Figure  62.  (Geographic  distribution  of  dominant  sediment  types  in 
lithostratigraphic  unit  B.  I  nil  B  is  primarily  a  silty  lutite  layer. 
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Figure  60.  (Geographic  distribution  of  dominant  srdimrnt  types  in 
lithostratigraphic  unit  K.  1  nit  K  is  primarih  a  silts  lutite  layer. 

Figure  6.V  f.eograpbic  distribution  of  dominant  sediment  types  in 
lithostratigraphic  unit  (  1  nit  (  is  primarily  an  arenaceous  lutite  laser 
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lithostmtigraphic  unit  M.  (  nit  M  is  primarilt  a  silts  lulile  laser. 


have  been  described  us  arenaceous  lutites  (('.  E.  .1.  1  I  or  silty  lutite 
containing  arenaceous  lulite  layers  (A),  the  geographic  dominance 
of  type  I  sediment  seems  to  support  the  theory  that  arenaceous 
lutites  represent  periods  of  increased  glacial  ice  rafting.  No  con¬ 
sistent  geographic  trends  in  the  occurrence  of  sediment  types  II.  Ill, 
and  IV  were  evident  in  these  units,  although  the  locations  domin¬ 
ated  by  sediment  types  II  and  III  in  units  A  B.  and  I.  tend  to  be 
restricted  to  deeper  waters;  this  suggests  lower  influx  rates  for 
medium  to  coarse  silt  and  more  effective  modification  of  ice-ralted 
s ill  distributions  at  depth 

Sediment  types  ‘I  and  III  appearas  the  dominant  sediments  on 
the  Alpha  Cordillera  in  units  D.  (i.  I.  K.  and  M.  No  consistent 
geographic  patterns  were  seen  in  the  distribution  of  sediment  types 
for  these  units.  The  dominance  of  sediment  types  II  and  III  suggests 
that  influx  rates  of  ice-rafted  medium  to  coarse  silt  were  lower 
during  deposition  of  these  units,  l  ower  rates  of  ice-rafted  silt  inllux 
result  in  deposition  of  type  III  sediment  and  may  reduce  masking  of 
silt-clay  distribution  modifications  by  poorly  sorted  coarse 
material;  therefore,  the  occurrence  of  type  II  sediment  becomes 
more  apparent  Because  units  l).  (i.  I.  K  and  M  are  silty  lutites.  the 
occurrence  of  sediment  types  II  and  III  in  these  units  supports  the 
hypothesis  that  silty  lutite  layers  represent  periods  of  decreased  ice- 
rafting.  Occurrence  of  sediment  types  II  and  III  in  unit  El.  an 
arenaceous  lutite.  seems  somewhat  anomalous.  This  may  be  the 
result  of  unintentional  sampling  of  some  of  the  very  thin  silty  lutite 
subunits  contained  within  unit  H  The  subtle  changes  constituting 
subunit  boundaries  were  not  considered  during  the  sampling 
process. 

Summary 

The  stratigraphic  distribution  of  sediment  types  I.  II.  III.  and  IV 
in  the  Arctic  cores  supports  the  hypothesis  that  deposition  of 
central  Arctic  arenaceous  and  silty  lutites  reflects  variations  in 
intensity  of  ice-rafting.  Arenaceous  lutite  units  ((',  E.  H.  .1)  usually 
are  dominated  by  type  I  sediment,  which  is  assumed  to  reflect 
relatively  high  influx  rates  of  ice-rafted  medium  to  coarse  silt  The 
dominance  of  type  III  glacial-marine  sediment  in  the  silty  lutite 
units  (A.  B.  I).  E.  (i.  I.  K.  M)  suggests  relatively  low  rates  ol  input 
of  medium  to  coarse  silt  In  addition,  low  rates  of  ice-rafting  ol  silt 


TABLE  10.  ARCTIC  OCEAN,  ALPHA  CORDILLERA ,  SURFACE  AND  UOWN-LORI 
SEDIMENT  TYPES;  MEAN  STATISTICAL  PARAMETERS  AND  RE1.AI  !Vt 
PROPORTIONS  OF  CRAIN  SIZE  FRACTIONS 


Mean  Values 


Sediment 

type 

Mean 

grain 

size 

Sort¬ 

ing 

Skew¬ 

ness 

7 

Coarse 

Silt 

ri.tv  Sl 

1 

11.7 

13.3 

1  .2 

13.7 

V) .  5 

15.8  9i 

II 

I  i  .4 

15.0 

1.2 

14.7 

49.4 

ib.l  7, 

III 

9 .  U 

12.2 

1 .  3 

12.9 

40 .  ft 

4b.  't  ± 

IV 

lb.  b 

14.8 

0.7 

17.1 

59.  i 

i.  7  i 

Standard  Dev  ini 

t  ions 

I 

2.0 

2  .0 

0.1 

7.1 

5.7 

T  .  H 

11 

2.8 

2.3 

0.2 

7.  J 

6.0 

7. 

III 

1 .6 

2.1 

0.1 

6.1 

'>.<■ 

IV 

3 .  b 

1.9 

0.4 

8  .  h 

7.  1 

).'4 

and  coarse  material  may  make  occurrences  ol  type  II  sediment 
more  apparent  in  silty  lutites. 

Some  evidence  in  a  few  units  ( A.  B.  I  )  indicates  a  trend  toward 
lower  input  rates  for  ice-rafted  medium  to  coarse  silt  and  increased 
modifications  of  those  sediments  by  mid-depth  ocean  currents  in 
deeper  water.  No  definite  geographic  pattern  was  observed  in  their 
distributions,  however  (Figs  52  through  64)  The  absence  ol 
consistently  occurring  geographic  distribution  patterns  suggests 
that  conditions  governing  deposition  of  glacial-marine  sediment 
were  generally  uniform  over  the  study  area. 

Table  10  summarizes  the  mean  statistical  parameters  and 
relative  proportions  of  grain-si/e  fractions  for  Alpha  C  ordillera 
surface  and  down-core  sediment  types.  Abyssal  plain  sediments 
were  excluded  from  this  analysis  because  their  textural  character¬ 
istics  are  influenced  by  turbiditv-current  deposition 

I. ATE  C  KNO/.OIC  PAI.EOC  I.IMATOI  OGY 
Introduction 

The  sedimentologie  and  stratigraphic  data  loi  l-T  cores 
convince  us  that  the  dominant  process  ol  sedimentation  in  the 
central  Arctic  since  the  late  Miocene  has  been  ice-rafting.  Relating 
times  of  increased  or  decreased  ice-rat 1 1 n in  the  central  Arctic  to 
lower-latitude  paleoclimatology  has  been  more  difficult 

Major  periods  of  central  Arctic  glaciation  probably  were 
accompanied  by  intervals  ol  cooler  climate  in  louci  latitudes 
However,  minor  periods  ol  glacial  growth  in  the  central  Arctic  may 
not  have  been  recorded  in  the  lower  latitudes  Tor  example,  glacial 
Ice  rafting  is  common  in  the  modern  Arctic  Ocean,  but  lower 
latitudes  do  not  reflect  this  activity  to  the  same  extent  as  the  ntator 
periods  of  Arctic  cooling  have  been  recorded. 

In  the  central  Arctic  we  identify  six  major  /ones  ol  increased 
ice-rafting  during  the  past  1.2  my.  the  interval  for  which  most 
comparative  lower-latitude  data  arc  available  (Tig  61)  these 
intervals  of  increased  ice-rafting  arc  associated  with  arenaceous 
lulite  units  and  pink-white  layers 

Arenaceous  lutites  are  present  in  the  older  parts  ol  the  I  -1  cores 
as  well,  and  in  units  C.  E  and  H  in  particular  (the  lower,  middle. 
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Hgure  *5.  (At  Arctic  /oner  of  increased  ice-rafting  *rc  represented  hr 
dirk  intervals.  whereas  /once  of  reduced  ice-rafting  are  indicated  bv  white 
intervals.  Increased  ice-rafting  /oner  are  labeled  hr  occurrence  from 
bottom  to  top  in  each  lithostratigraphic  unit.  The  ages  of  there  /oner  are 
hared  on  palcomagnetic  rtratigraphv .  (R)  C  ompariron  of  Arctic  glacial 
ice-rafting  /oner  with  the  paleoclimatic  curre  derived  bv  Tricron  and 
Wollin  1 19**).  letters  at  lop  indicatr  low-latitude  climatic  rtager  of  fricson 
and  Wollin.  figure  modified  from  I  arson  (11751.  See  text  for  dircurrion. 


((  )  (  ompariron  of  Arctic  glacial  ice-rafting  /oner  with  Nuddiman'r  (1171 ) 
paleoclimatic  curve.  Dark  arear  indicate  cooler  climate  al  lower  lalituder. 
f  igure  modified  from  I  arron  (1175).  See  tevl  for  dirrurrion.  <|)| 
(  ompariron  of  Arctic  glacial  ice-rafling  /oner  with  the  paleoclimatic  curve 
derived  hv  Rrirkin  and  Rerggren  (1174:  runtman  in  Rerggren  and  \  an 
(  ouvering.  1174.  fig.  It.  p  140)  Dark  /oner  indicate  cooler  rlimate  at 
low er  lalituder.  while  light  /oner  indicatr  warmer  ciimatr  See  text  tor 
dircurrion. 
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Figure  Mt.  (  omparison  of  times  of  increased  Arctic  ire-rafting  with  the 
glacial  chronology  suggested  by  Rerggren  and  \  an  (  omering  (I 974.  Fig 
14.  p.  144).  Black  indicates  normal  polarity,  /ones  with  diagonal  lines 
represent  periods  of  interglacial  and  m  reduced  glacial  ice-rafting.  White 


areas  indicate  periods  of  glaciation  and 'or  increased  ice-rafting.  Dashed 
lines  indicate  approximate  ages  as  contacts  max  he  gradational  and  or 
poorl x  defined. 
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and  upper  coarse  units)  and  must  represent  the  same  activity. 
However,  most  comparative  data,  particularly  those  of  oxygen- 
isotope  stratigraphy,  appear  best  defined  for  only  the  interval 
represented  in  the  Arctic  cores  by  units  I  through  M  The  central 
Arctic  data  can  he  compared  to  both  the  qualitative  temperature 
curves  (for  example.  Fricson  and  Wollin.  I96X:  Ruddiman.  1971; 
Briskm  and  Bcrggren.  1974).  and  oxygen-isolope  stratigraphy 
(I  miliani,  I960.  1972;  Shackleton  and  Opdyke.  197),  1976). 


Qualitative  Paleotemperature 

Fricson  and  Wollin  (196X).  using  cores  from  the  equatorial 
North  Atlantic,  derived  a  paleotemperature  curve  based  on  the 
presence  or  absence  of  G 'lobomialia  menartUi  for  the  past  2.0  m  y. 
Figure  65B  illustrates  the  comparison  of  Arctic  arenaceous  lutites 
and  pink-white  layers  with  increased  glacial  ice  rafting  Of 
particular  note  is  the  correlation  of  Arctic  /ones  I  I  and  M2  with 
Ericson  and  Wollin's  /ones  II  and  Y,  respectively. 

Ruddiman  ( 197 1 )  constructed  a  paleotemperature  curve  based 
on  variations  in  total  Foraminilera  fauna  for  the  past  2.0  m.y. 
Ihese  data  are  derived  from  several  cores  Irom  the  equatorial 
North  Atlantic.  A  comparison  ol  Arctic  /ones  of  increased  glacial 
ice  rafting  with  this  paleotemperature  curve  is  illustrated  in 
Figure  650.  There  is  an  apparent  correlation  ol  Arctic  /one  .12  with 
the  low-temperature  /one  between  -0.75  and  0.9  m.v  Arctic  /one 
I  I  seems  to  correlate  with  most  of  the  low-temperature  /vine 
between  -0.4  and  0.6  my  The  youngest  low -temperature  /one 
probably  is  equivalent  to  Arctic  /one  M2  1  his  curve  is  important 
because  it  is  similar  to  several  other  curves  derived  for  the 
C  aribbean  and  North  Atlantic!  Ruddiman.  1971;  Bcrggren  and  van 
Oouvering.  1974) 

Briskm  and  Bcrggren  (1974)  used  quantitative  changes  in 
Foraminilera  fauna  to  develop  a  paleotemperature  curve  for  the 
equatorial  North  Atlantic  A  comparison  between  Arctic  /ones  of 
increased  ice-rafting  and  this  paleotemperature  curve  is  given  in 
Figure  651).  Arctic  /ones  II.  .11.  and  .12  correlate  with  a  general 
/one  of  low  temperature  between  -0X6  and  1.24  m.y.  In  particular. 
Arctic  /ones  II  and  .11  correlate  with  the  temperature  minima  at 
-I.  I  and  0.95  m.y.,  respectively.  I  he  temperature  minima  between 
042  and  0  65  m.y.  seem  to  correlate  with  the  lower  portion  ol 
Arctic  /one  I  I  I  he  youngest  temperature  /one  is  probably 
equivalent  to  Arctic  /one  M2 

Comparison  between  Arctic  /ones  of  increased  ice-ralling  and 
the  three  qualitative  paleotemperature  curves  shows  a  relationship 
between  increased  ice-rafting  in  the  Arctic  and  periods  of 
relatively  cooler  climate  at  lower  latitudes.  I  his  correlation 
supports  the  assumption  that  Arctic  /ones  of  increased  ice-ratting 
arc  related  to  periods  ol  more  intensive  glaciat-on. 

A  chronology  based  on  both  marine  and  continental  sequences 
for  the  late  Neogene  climatic  event  was  proposed  bv  Bcrggren  and 
Van  (ouvering  (1974)  Arctic  /ones  ol  increased  ice-rafting  are 
compared  with  North  American  and  Alpine  periods  ol  glaciation 
(as  interpreted  by  Bcrggren  and  Van  (  ouvering.  19741  in  Figure  66 
Although  Figure  66  could  be  interpreted  to  show  correlation 
between  /ones  ol  increased  ice-rafting  (arenaceous  lutites,  coarse 
pink-white  lasers)  and  periods  ol  continental  glaciation,  such 
correlation  is  weakened  because  of  the  poor  definition  ol 
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Hgure  hi.  Time*  of  increased  ice-rafting  in  central  Arctic  Ocean  (M  , 
M  .  I  ,  J  .  J..  I  )  and  correlation  with  ox*  gen- isotope  stratigraphy  and 
glaciations  (2.  A.  *  to  22)  of  core  A  2R-219  of  shackleton  and  Opdxkr  (197*) 
Older  times  of  increased  central  Arctic  ice-rafting  (during  I  ,  II I  show  less 
pronounced  correlations  with  os x gen-isotope  excursions. 
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continental  glacial  stages.  Instead,  we  think  that  it  is  important  to 
note  the  more  positive  marine  correlations  with  oxygen-isotope 
stratigraphy. 

Oxygen-Isotope  Stratigraphy 

Several  papers  have  defined  an  oxygen-isotope  stratigraphy  lor 
marine  sediments  in  lower  latitudes  (Fmiliani.  1966.  1972; 
Shackleton  and  Opdyke.  1973.  1976;  Shackleton  and  Kennett. 
1975).  The  work  of  Shackleton  and  colleagues  provides  oxygen- 
isotope  data  on  a  magnetic  stratigraphy  baseline.  This  is  important 
for  our  Arctic  work  for  which  the  magnetic  stratigraphy  also  is 
available.  T  hus,  direct  comparison  of  our  lithostratigraphic  units, 
including  intervals  of  increased  ice-rafting,  magnetic  stratigraphy, 
and  oxygen-isotope  stratigraphy  of  the  lower  latitudes  (Fig.  67),  is 
possible.  The  older  units  of  increased  ice-ralting  in  the  central 
Arctic  (units  T.  and  H)  are  not  dramatically  represented  by 
oxygen-isotope  data.  All  of  the  IK0  excursions  for  lower  latitudes 
are  of  less  magnitude  during  early  and  middle  Matuyama  time  (~2.4 
to  1.4  m  y  ).  II.  in  pre-Jaramillo  time,  correlates  with  an  '“() 
excursion  of  about  the  same  magnitude  as  those  of  units  ('.  E,  and 
H.  Jl.  in  mid-Jaramillo  time,  correlates  with  an  unnumbered  "T) 
excursion,  but  J2  shows  excellent  correlation  with  glaciation  22. 
which  is  the  earliest  glaciation  ol  duration  and  intensity  in  both 
V2X-23X  and  V2X-239  Ihe  next  major  oxygen-isotope  recorded 
glaciation  (16)  may  correlate  with  an  increase  in  arenaceous  texture 
in  the  upper  part  of  unit  K.  but  I  I.  representing  a  major  time  of 
central  Arctic  ice-rafting,  may  he  recorded  as  oxygen-isotope  units 
10  through  16.  Ml  shows  less  positive  correlation  but  probably  is 
represented  by  parts  ol  glaciation  6  and  X  M2  correlates  with 
glaciation  2 

Because  the  evidence  shows  that  ice-rafting  was  a  continuous 
process  in  the  central  Arctic,  it  is  possible  to  correlate  arenaceous 
intervals  with  most  ol  the  oxygen-isotope  defined  glaciations  I  he 
best  correlations  (for  example.  M2  with  2.  I  I  with  10  through  14. 
.12  with  22)  are  those  of  most-pronounced  Arctic  ice-ralting  with 
significant  '*()  excursions 

If  the  oxygen-isotope  stratigraphy  is  refined  lor  the  interval  12 
to  5  m  y  .  additional  correlations  with  ice  and  central  Arctic  ice- 
ralting  (('.  E.  II )  is  possible. 

Summary 

C  lea r ly .  ice-rafting  was  the  dominant  sedimenlological  process 
(luting  the  past  Imi  in  the  central  Arctic  Ocean  I  owcr-latuudc 
marine  sequences  should  he  expected  to  show  more  clearly 
pronounced  climatic  sequences  alternatelv  between  glacial  and 
noglacia!  climates  while  the  ice  covered  Arctic  had  continuous  ice- 
ralting 


CONCI  TSIONS 

The  study  of  the  T-3  cores  substantiates  the  following: 

1  Correlation  of  thin  (commonly  •  5  cm)  sedimenlological 
units  is  possible  in  cores  that  are  6(H)  km  apart. 

2  Sedimentation  of  the  siltv  lutite  sediments  occurred  at  a  very 
low  rate,  averaging  M)  5  mm  l.(HM)  yr  Silty  lutites  makes  up  most 
of  the  cores  below  the  Matuyama-Gauss  reversal,  which  suggests 
that  sedimentation  rates  were  low  for  most  ol  the  Pliocene. 

3.  Sedimentation  ol  the  arenaceous  lutite  was  at  a  much 
higher  rate,  probably  2.0  mm  1.000  yr.  and  possibly  much 
greater. 

4.  I  he  approximate  ages  of  the  base  ol  the  “key"  arenaceous 
lutite  units  (C.  f  .  and  If )  are  2.91  my.  1 .92  m  y  .  and  117  m  y  . 
respectively. 

5.  The  oldest  ice-rafted  pebble  lotind  is  in  Miocene  sediment 
(Normal  Interval  5)  and  was  dated  at  ~5 .26  nt  y  by  extrapolation 
from  the  Gilbert  Epoch  5  reversal  Paleomagnetics  and 
sedimentation  rates  suggest  that  the  oldest  sediment  recovered  has 
a  maximum  age  of  5  62  m  y 

6.  The  arenaceous  lutite  is  predominantly  the  result  ol  an  ice¬ 
rafting  mechanism.  T  his  mechanism  operated  at  a  greater  rate  oi 
with  more  intensity  in  the  late  Pliocene  Pleistocene  than  in  the  late 
Miocene  early  Pliocene. 

A  major  portion  ol  silty  lutite  also  was  deposited  by  an  ice- 
rafting  mechanism.  Authigcnic.  biogenic,  and  pelagic  conli ihu- 
tions  were  probably  important 

7.  Based  on  differences  in  silt -clay  histogram  shapes,  (our  tv  pes 
ol  central  Arctic  Basin  glacial-marine  sediment  can  be  identified 
Comparisons  of  the  mean  value  of  statistical  parameters  describing 
the  histograms  indicated  that  the  lour  histogram  tv  pes  ate 
significantly  different. 

X  The  sediment  types  represented  by  the  silt-day  histograms 
reflect  variations  in  environmental  factors  that  influence 
deposition  ol  glacial-marine  sediment 

9  Ice-rafting  appears  to  have  been  the  dominant  mechanism 
contributing  sediment  to  the  Alpha  Cordillera.  I  his  conclusion  is 
based  on  Ihe  distribution  ol  sediment  types  in  the  Arctic  Ocean 
surface  and  down-core  samples  In  deeper-watet  environments, 
such  as  the  Canada  and  Chukchi  Abyssal  plains,  ice-ralting  occuis 
but  is  masked  by  turhiditc  deposition 

10  I  he  stratigraphic  distributions  ol  the  fom  types  ol  Antic 
Ocean  glacial-marine  sediment  support  the  hypothesis  that 
arenaceous  lutite  represents  periods  of  incieascd  ice-rafting  and 
silty  lutite  represents  periods  ol  reduced  ice-tafting 

11  I  he  central  Arctic  Ocean  record  is  unique  It  indicates  mote 
or  less  continuous  ice-rafting  lor  the  last  5  mv  dining  which 
alternating  glacial  and  interglacial  climates  allcclcd  the  sediment 
record  ol  towel-latitude  oceans  Oxvgen-isotope  determined 
glacial  stages  conelate  with  times  ol  incivuscd  ice  tailing  in  the 
Arctic  Ocean 
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APPENDIX  IA.  LOCATION,  TOTAL  LENGTH,  AND  WATER  DEPTH  OF 
CORES,  STUDIED  IN  DETAIL 


Core 

No. 

Let . 

Long. 

Water 

depth 

(■) 

Length 

(ca) 

PL  19 

83*03.43’ 

162*49.13' 

3417 

277 

PL  212 

80*29.59’ 

159*37.96’ 

3642 

339 

PL  214 

80*17.43' 

159*30.94’ 

3021 

335 

PL  215 

80*17.25' 

159*25.23' 

3043 

320 

FI.  216 

80*23.69’ 

157*41.59* 

3576 

272 

PL  218 

80*41.03' 

158*21.83’ 

3654 

213 

PL  221 

80*32.98' 

159*38.89' 

3638 

493 

FL  222 

80*29.05' 

159*12.69' 

3633 

450 

PL  223 

80*28.35' 

159*06.16' 

3616 

330 

FL  224 

80*27.74' 

158*48.81' 

346  7 

554 

FL  225 

80*29.63' 

158*42.84’ 

3610 

495 

FL  227 

80*50.09' 

158*25.18’ 

3641 

335 

FL  228 

80*49.25' 

158*49.43' 

3632 

342 

FL  268 

83*16.32’ 

152*58.48' 

3062 

348 

PL  269 

83*14.31' 

153*13.96' 

3097 

302 

FL  2  70 

83*11.18' 

154*00.77’ 

3280 

351 

FL  271 

83*10.67’ 

153*53.54’ 

3254 

356 

PL  272 

83*11.82' 

152*56.24' 

2384 

246 

FL  273 

83*12.30' 

152*56.42' 

2323 

267 

FL  275 

83*30.23’ 

149*58.64' 

2884 

328 

PL  277 

83*34.55’ 

149*26.45’ 

2871 

356 

FL  278 

83*36.40’ 

149*08.10' 

2725 

312 

FL  280 

83*51.84' 

148*22.73' 

2639 

323 

FL  283 

83*48.06' 

146*12.65’ 

2639 

267 

FL  285 

83*48.51' 

145*27.90’ 

2653 

349 

FL  286 

84*00.84’ 

144*02.17’ 

2316 

343 

FL  287 

84*05.19' 

144 "01 .15' 

24  30 

305 

FL  288 

84*11.23’ 

144*28 .42 ' 

2414 

348 

FL  289 

84*14.69’ 

144*16.97’ 

2357 

196 

FL  292 

84*18.28' 

143*41.02’ 

2330 

277 

FL  293 

84*25.00’ 

143*04.57’ 

2058 

208 

FL  295 

84*57.40’ 

145*30.63’ 

2214 

315 

FL  297 

84*53.53’ 

143*10.03' 

2223 

295 

FL  300 

85*18.53’ 

144*02.85' 

2082 

305 

FL  301 

85*18. 95’ 

143*36.00' 

2100 

3)8 

FL  308 

85*30.27* 

143*08.18’ 

2262 

)30 

FL  U1 

85*41.93' 

142*21.16’ 

2332 

326 

FI.  314 

85*27.00' 

119*23.54' 

1927 

335 

FL  116 

85*08.72’ 

138*13.91 ’ 

1786 

34  5 

FL  318 

84*57.73' 

136*13.15' 

1982 

345 

FL  322 

84*27.00' 

135*18. 33’ 

2446 

27  7 

FL  326 

84*12.89' 

136*41.40’ 

2663 

340 

FL  331 

84*16.02’ 

134*37.65’ 

2659 

348 

FL  340 

84*48.60' 

111*17.96' 

2290 

)51 

PL  346 

84*51.22’ 

1  10*42.69’ 

2  3  72 

36) 

FL  157 

84*57.78’ 

1  10*20.00' 

221  1 

340 

FL  360 

84*52.50’ 

179*65.17' 

2198 

362 

FL  362 

84*54.57* 

110*10.15' 

2  J8  5 

351 

FL  17  ) 

84“  19.69' 

129*52.99' 

249) 

356 

FL  378 

84*  19.05' 

128*57  '*9  ' 

2299 

148 

PL  381 

84*17.03' 

127*24.15' 

2585 

3)8 

FL  395 

84*41.51  * 

125*53.40’ 

2  602 

2)9 

FL  396 

84*18.53' 

126*04.65’ 

2589 

348 

FL  398 

84*36.42* 

125*48.14* 

2  696 

351 

FL  400 

84*  10.81' 

126*21 .41' 

2690 

356 

FL  408 

84*21. 51  * 

127*52.45* 

2  7  58 

338 

FL  409 

84*27.51 ' 

1  2  7  *00 .21  * 

7742 

348 

FL  410 

84*28. 1 1* 

176*52.41 ' 

2717 

346 

FI.  4  IS 

84*25.56' 

125*1 5.22' 

7)90 

315 

FL  41/ 

84*29.88' 

124*06.78' 

2  )R  1 

111 

FL  4  20 

84*46.59' 

127*55.14' 

2740 

4)4 

PL  475 

85*02.61 ' 

177*54.11’ 

2782 

348 

FL  42  7 

86*01 .82 ' 

1  14*44 . 84  * 

7216 

320 

FI.  4  10 

85*59.45* 

1  11*20.49' 

i860 

174 

FL  412 

85*58.04 ' 

1  10*51 .91  * 

16  74 

777 

FI.  4  13 

85*58.95' 

129*51 . 75’ 

16?4 

11  l 

Ft.  415 

86*01.41  * 

179*17.49* 

77  7? 

787 

APPENDIX  IB 

SURFACE  SAMPLES  FROM  CORE  TOPS 
TEXTURAL  STUDIES  IN  ADDITION  TO 
LISTED  IN  APPENDIX  1A 

USED  FOR 
CORES 

Saaple  No 

Long. 

Water 

depth 

core-flegaent-i 

saaple 

(*) 

17-09-1 

82*58.99' 

159*04.22' 

2215 

23-18-1 

83*02.09* 

163*00.39’ 

3748 

24-18-1 

82*23.02' 

162*06.52’ 

3743 

28-18-1 

80*47.93' 

140*21.83’ 

3708 

29-16-1 

80*29.56’ 

139*48.16’ 

3709 

32-13-1 

80*58.08' 

136*13.01  ' 

3698 

34-16-1 

80*47.41* 

136*54.82' 

3675 

37-13-1 

80*40.97' 

137*12.79’ 

3680 

39-10-1 

80*21.88' 

136*46.51 ' 

3680 

4  3-08-1 

80*32.58' 

134*23.56’ 

3632 

50-14-1 

80*31 .94' 

135*41.72' 

3658 

54-10-0 

76*34.87’ 

138*06.65* 

3605 

63-07-1 

76*12.85’ 

142*02.91  * 

3707 

65-15-1 

75*33.23' 

141*44.21 ' 

3709 

66- 1 6- 1 

75*28.28' 

141*14.00* 

3703 

69-13-T 

76*35.23’ 

140*29.34' 

3690 

70-05-1 

75*44.01 ' 

140*42.47' 

3709 

73-06-1 

75*56.04’ 

1 39*41 .99’ 

3703 

75-08-1 

75*52.54' 

139*03.04' 

3678 

76-15-1 

75*32.74’ 

1  39*22.79’ 

3668 

77-14-1 

75*23.20' 

139*50.02' 

3681 

79-15-1 

75*23.25' 

140*14.90' 

3681 

83-12-1 

76*23.68* 

156*02.43' 

2234 

87-19-1 

75*18.49' 

156*07.18' 

2903 

89-20-1 

75*38.49’ 

161*08.61  ’ 

3802 

90-20-1 

76*69.42' 

1  70*02.31' 

2218 

92-18-T 

77*38.20' 

1  74*43.62' 

2078 

94-1 B-T 

77*53.03' 

175*51 .6b' 

1611 

98-18-T 

77*43.84’ 

1 76*00.21 ' 

1  9?9 

100-18-1 

77*39.40' 

1  74*23.50' 

2099 

115-17-1 

78*04.26’ 

174*49.53’ 

1503 

J 16-16-T 

78*05.38’ 

1  74*48.49' 

1570 

1 22-16- T 

78*08.05' 

1  74*72.86* 

1837 

125-17-T 

78*16.16' 

1 76*21 .60’ 

1288 

129-1 7-T 

78*34.11 ’ 

1  7  5  *  54 . 80  ’ 

1453 

133-19-] 

78*29.1 )’ 

1  76*14.29' 

1222 

140-19-1 

78*36.93' 

1  76*24.40' 

1565 

153-18-1 

78*40.99' 

1  76*18.16' 

1815 

165-18-T 

78*48.04' 

1 76*08.01  ’ 

1490 

182-12-1 

78*56.61  ' 

1 76*56.61 ' 

1069 

187-13-1 

79*33. 11  ' 

171*39.64' 

?408 

193-17-1 

80*01 .34' 

1 74*02. 55’ 

1  75) 

196-71-1 

80*11. 91* 

1 71 " 15.79’ 

1  1  ?  7 

I99-/J-T 

80*11 .89* 

1  7  ?  *  4  5 . 7  7  ' 

79  88 

204-18-T 

79*44.0? ’ 

1 70*57.46' 

315  7 

208- 20- ] 

79*45.18' 

1 70*14.59’ 

1767 

779-73-1 

81*40.69 ' 

1 57*79.49* 

1820 

7)1-74-1 

81*50.91' 

1  5  7*1?.  6  5 ' 

181? 

7)9-7  3-1 

R?*09 .0? * 

1 56*47.46* 

1800 

747-74-1 

82*1  1.  16* 

1 5 1 "00. 47  * 

1801 

259-74-1 

M  ?  *  1  5 . 1 6  ’ 

1 58* 19 . 84 ’ 

180  1 

265-74-1 

82°  U .27 ’ 

1 57*42.81 ' 

18  1  7 

11  5-70-1 

85*11.64' 

] 19*04 .77’ 

1  800 

175-71-1 

H4°i:  . 7  1’ 

1  15*29. 76' 

7654 

32  7-2  3-1 

84*1  1.49' 

1  15* 15.08 ' 

7644 

1)4-71-1 

84*36.9?' 

1  17*76.68  ’ 

?'.‘>4 

344-22-1 

86*01 . ?«' 

1  10*57  .7  3' 

1  769 

386-09- 1 

84*48.  11' 

176*57 .19' 

395-16-  1 

84*4  1  .51’ 

1 75*5  1.40* 

250  7 

416-11-1 

84  *70.57* 

1  7  3*  79.57  ’ 

.0,87 

4  11-70-  1 

85*5 5.61* 

1  17*14.44* 

1  505 

4)7-19-  ] 

85*59.87* 

1 79*58. 76 ' 

1  584 

4  76  19-  I 

85" 15.87' 

I  rt*<>n  .  54* 

vr.- 16- 1 

84*16.5)' 

1 1 7*74.'  ?' 

1  1-  70  1 

85*05.90* 

98*  1  7  . 80  ‘ 

559  70  1 

H//,'  1.06* 

84*  0..  .  Of.  ' 

1  .'Ml 
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APPENDIX  1C.  V AIDERS  TILL  SAMPLES,  EASTERN 
WISCONSIN  (PRINCIPALLY  A  TILL- 
SHEET  DEPOSITED  DURING  A  GLACIAL 
ADVANCE) 


Sample 

Tier 

Range 

Section 

Quarter 

001 

22N 

23E 

12 

NENESW 

002 

18 

22 

10 

NWNWNW 

003 

18 

24 

7 

SESENV 

004 

17 

23 

11 

SESENE 

005 

17 

23 

11 

SWSWSE 

006 

16 

23 

10 

NENVNW 

007 

16 

23 

10 

SWSESE 

008 

16 

23 

34 

NENVNE 

009 

22 

24 

30 

NWSWNW 

010 

19 

22 

23 

SENENE 

Oil 

19 

23 

18 

SWNESE 

012 

19 

22 

13 

SESWNU 

013 

19 

24 

32 

SESESW 

014 

18 

23 

3 

NENUSE 

015 

19 

22 

32 

SWSUNE 

119 

20 

19 

31 

NESWNE 

126 

18 

19 

6 

NENENE 

APPENDIX  IE.  NON-ARCTIC  SEDIMENT  CORES 


Water  Core 

Core  Site  Lat .  Long.  depth  length 

(®)  (■) 


Deep-Sea  Drilling  Project 

111  North  Atlantic 

cores 

50*25.57’ 

’N 

46*22.05 

'W 

1797 

74.0 

182 

Gulf  of  Alaska 

57*52.96' 

'N 

148*42.99 

'W 

1411 

11.5 

346 

Greenland  Sea 

69*53.35 

'N 

8*41.14 

'w 

732 

120.4 

USNS 

12-6 

EL  TAN IN  cores 

Weddell  Sea 

65*08.6' 

S 

47*07.3' 

w 

4115 

6.45 

27-12  Rosa  Sea 

77*14 .0' 

S 

169*04. 3' 

w 

929 

5.01 

37-7 

Southern  Indian 

65*01 . 1 ' 

s 

144*57.2' 

E 

3155 

11.98 

42-9 

Ocean 

Be] 1 lnghausen 

69*59.40 

's 

80*24.0' 

w 

567 

5.65 

USNS 

no 

Sea 

NORTHWIND  cores 

Kara  Sea 

HI  *34. 8' 

N 

79*52.0' 

i 

203 

.  8  7 

115 

Kara  Sea 

81*35.5* 

N 

67*32.0' 

t 

56  7 

,9t> 

APPENDIX  ID. 

EAST  PACIFIC 

OCEAN  SEDIMENT  CORES 

(SAMPLES  AT 

UNIVERSITY  OF 

WISCONSIN) 

Cruise-station-core 

Lat  . 

(N) 

Long. 

(W) 

Depth 

Sediment  Type 

7401-10- FFC12 

19*40' 

132*00' 

5100  m 

pel ag .  < lay 

7402-1 2-FFC12* 

30*43' 

119*43' 

4100 

pelag.  <  lay 

7402- 1 3A-FFG1 

1 6"00 ’ 

125*00' 

4210 

heal  pel .  clav 

7401 -008-FFC9 

11*00' 

140*00' 

4850 

•ale.  ooze 

7402-14B-BOX3 

04*32* 

140*21 ’ 

439? 

s 1 1 .  ooze 

•Histogram  of  Figure  45, 


APPENDIX  2.  AVERAGES  AND  RANGES  IN  VALUES  OF 
THE  WEIGHT  PERCENT  OF  THE  SAND 
SIZE  FRACTION  (>6  3  MICRONS)  FOR 
SELECTED  CORES 


Number  of 


Unit 

cor 

MU 

5 

MM 

5 

ML 

5 

I. 

5 

K 

5 

Jl' 

5 

JI. 

5 

IM 

5 

He 

24 

Hd 

24 

Hi 

Hh 

14 

Ha 

1  1 

(. 

?6 

y 

2  7 

y 

.’6 

r> 

72 

(-b* 

22 

H 

24 

A '  5 

A 

2  4 

Average 

Range 

(?) 

(X) 

18.2 

12  to  25 

9.3 

3  to  12 

20.2 

12  to  35 

25.7 

18  to  33 

15.3 

10  to  10 

21  .4 

12  to  79 

22.4 

l*.  to  30 

26.0 

19  f..  40 

7.8 

4  In  15 

20. 7 

r>  tM  2  7 

3  3.6 

19  to  40 

.'*>  .6 
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taken  from  X-ray  diffraction  data  using  the  technique  outlined  by  Biscaye  (1965).  Much  of  the 
continental  shelf  data  have  been  recalculated  using  techniques  and  methods  of  Biscaye  ( 1 965)  and  Johns 
and  others  ( 1 954).  This  results  in  uniform  data  for  illite,  but  the  nonillite  clays  were  treated  differently  by 
different  workers.  This  means  that  the  continental  shelf  data  for  the  nonillite  clays  are  only  approximate 
because  of  difficulties  in  converting  data  from  different  sources. 
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Plate  4.  Percent  chlorite  in  Arctic  Ocean  surface  sediment.  See  Plate  I  explanation  ft 
sample-number  data  and  geographic  information. 
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Plate  5.  Percent  smectite  in  Arctic  Ocean  surface  sediment.  See  Plate  I  explanation 
sample-number  data  and  geographic  information. 
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